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SEUmITY CLASSIFICATION OF THIS PAGE (Wm Drag 150,1.

The performance data collected from this test can be summarized as
follows:

PERFORMANCE

Full Scale Rate At +2% Linearity 500 +100 deg/sec
Scale Factor .0062 +.0002 deg/sec
Null Bias (calculated) +2 deg/sec
Hysteresis +0.6 deg/sec
Threshold <0.1 deg/sec
Resolution <0.1 deg/sec
Readytime 80 milliseconds maximum
Drift +0.76 deg/sec/min
Null Offset (measured) +2 deg/sec
G-Sensitivity 1.68 deg/sec/g/maximum
High Temperature Tested +165 0F
Low Temperature Tested -30°F
Sensitivity to Jerk Negligible
Acoustic Sensitivity Negligible
Vibration Sensitivity +2 deg/sec at approx. 2,000 Hz

Additional information obtained regarding the three units tested as as
follows:

Null Bias Drift @ 72°F .166 deg/sec over 15 minute period
Reliability

Storage Failure <.9906
Operating Failure <.9999995

Weight 12.0 ounces
Volume 1.5 x 3.5 x 5.0

It is recommended that additional investigation of the g-sensitivity
effects be performed when the requirements of the MPES program are defined.

S/N 0102LF-014-6601
UNCLASSIFI b
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NADC 80081-60

EXECUTIVE SUMMARY

This report covers work accomplished under contract DAAK40-79-D-0017-
006, "Performance Verification of the Superjet Angular Rate Sensor," for
potential application on the Maximum Performance Escape System (MPES) Pro-
gram. Three Hamilton Standard Superjet Angular Rate Sensors (9304100-099)
were subjected to a test program.

The performance data collected from this test can be summarized as
follows:

PERFORMANCE

Full Scale Rate At ±2% Linearity 500 ±100 deg/sec
Scale Factor .0062 ±.0002 deg/sec
Null Bias (calculated) ±2 deg/sec
Hysteresis ±0.6 deg/sec
Threshold <0.1 deg/sec
Resolution <0.1 deg/sec
Readytime 80 milliseconds maximum
Drift +0.76 deg/sec/min
Null Offset (measured) t2 deg/sec
G-Sensitivity 1.68 deg/sec/g/maximum
high Temperature Tested +1650F
Low Temperature Tested -30OF
Sensitivity to Jerk Negligible
Acoustic Sensitivity Negligible
Vibration Sensitivity ±2 deg/sec at approx. 2,000 hz

Additional information obtained regarding the three units tested as
follows:

Null Bias Drift @ 72*F .166 deg/sec over 15 minute period
Reliability

Storage Failure <.9906
Operating Failure <.9999995

Weight 12.0 ounces
Volume 1.5 x 3.5 x 5.0

It is recommended that additional investigation of the g-sensitivity
effects be performed when the requirements of the MPES program are defined.
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1.0 INTRODUCTION

The need exists for small rugged rate sensors applicable to the Navy's
A~aximum Performance Escape System. A recent study indicated that a prime
candidate for this system is the #SuperjetL rate sensor used on the U.S.
Army Copperhead Program.

The Superjet perfo nce verification contract DAAK 40-79-D-0017/006 was
initiated on September 79 by the U.S. Army Missile Command, Redstone Arsenal,
Alabama. The program s under the technical direction of the Naval Air Develop-
ment Center (NADC), rcraft and Crew Systems Technology Directorate, Warmin-
ister, PA. Mr. L. McGiboney is the cognizant Project Engineer for this
program.

The purpose of this performance verification task is to determine through
test and analyses the suitability of the Hamilton-Standard Superjet angular
rate sensor for the possible application in NADC's Maximum Performance Escape
System (MPES) program.

For NADC to make at determination, a test plan (Appendix B) was
submitted and approved. The results of the tests are presented in this
report.

In addition, technical tasks described in the statement of work 60134-12,
Paragraph 3.2, are discussed in the text. These tasks include operational mode,
(4 second or 15 minute performance duration), reliability, maintainability, weight
and volume.

I Reference: Fluidic Gyro Development, Martin Marietta 0R15,646 prepared
under contract N00019-78-C-0298. Prepared for:

Department of the Navy
- Naval Air Systems Command

Advanced Technology Section
AIR-5162C
Washington, DC 20360

9
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2.0 DESIGN AND ANALYSIS

2.1 Design
2.1.1 Description

The Superjet rate sensor is manufactured by Hamilton Standard, Farming-
ton, Connecticut, Part Number 9304100-099. The package includes a pump which
directs a stream of helium between two resistive elements. The change in
cooling of these elements by the gas stream is sensed to indicate angular
rate. The package also includes the required electronics (analog type); so
all that is required is a ±15 V.D.C. power supply and a voltmeter. Output
of the device is t6 V.D.C.

The three Superjet rate sensors used during this evaluation were serial
numbers 0100355, 0100373, and 0100381, which will be referred to as serial
numbers 355, 373, and 381, respectively. A drawing describing the Superjet
package is shown in Figure B.2-1, Appendix A, Part B of this report.

A cross section of the Superjet sensor is shown in Figure 2.1-1.

The Copperhead program roll rate sensor specification may be found in
Martin Marietta document SPCI0200000-004.

The vendor specifications for Superjet are listed in Table 2.1-I.

2.1.2 Concept

The principle of operation of the Superjet may be most readily visualized
by referring to Figure 2.1-2. As illustrated in this figure, a laminar flow
gas jet flows with an average velocity Vj, from a nozzle located at one end of
the case. A jet position sensor, located a distance, L, from the nozzle mouth
is used to detect any lateral deflection, y, of the gas jet from the center
position. In the presence of an angular rate 11, along the input axis of the
case, the jet will be deflected away from its normal center position in propor-
tion to the magnitude of the rate, and in a direction corresponding to the
clockwise or counterclockwise direction of the angular rate. The amount of
this deflection may be calculated by double integration of the Coriolis
acceleration of the jet as it flows toward the jet position sensor:

- 2w I Vj Eq (1)

-2 I VT Eq (2)

y wI V T2  Eq (3)

At the position sensor:

y a WI V T2" I LT-wjL2 Eq (4)

where L V T

10
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Thus, it can be seen from the above equation that the gas jet deflects in
proportion to the input angular rate perpendicular to the axis of the jet.
Moreover, the deflection is proportional to the product of the length of the
jet, L, and the transit time of the jet, T, or to the length squared divided
by the jet velocity. The above computation is based on small angle approx-
imations which can be shown to be valid for actual Superjet design parameters.

Constant translational velocities of the sensor in any direction do not
cause jet deflections relative to the jet position sensor. Translational
acceleration is claimed also not to introduce any first order error since
the laminar gas flow jet is essentially buoyantly supported within the free
gas space. Acceleration does produce density gradients, however, which may
cause second order errors. These, however, are claimed to be an order of
magnitude smaller than comparable errors for equivalent mechanical gyros.

In order to maintain gas jet stability and produce a low noise signal,
the jet must be kept within the laminar flow regime. This is achieved by
limiting the the Reynolds number to a value below 1,000. Laminar flow is
most readily produced with a gas having a low density and high viscosity
since Reynolds number is proportional to density and inversely proportional
to the viscosity of the gas. Also, from the standpoint of obtaining maximum
frequency response, it is desirable to have the gas jet velocity as high as
possible consistent with laminar flow criteria. Conversely, it should be
recalled from the previous equations that lateral deflection is inversely
proportional to the velocity. Thus, the selected design velocity represents
a compromise between frequncy response and sensitivity.

Conversion of the jet deflection into an electrical signal proportional
to the input rate is accomplished by symmetrically mounting two temperature
sensitive resiszors on either side of the jet stream and connecting them by
means of a bridge circuit. As the jet deflects to the left or right, the
differential cooling of the temperature sensitive resistors produces an out-
put voltage that varies linearly with input rate, over a limited range of
angular rate input.

2.2 Operational Mode

The accuracy of the roll rate sensors does not change under any of the two
MPES scenarios considered.

2.2.1 Four Second Scenario

The Superjet rate sensor is best suited for this scenario. There is
virtually no shift in the null bias for this short time frame. It is known,
however, that the electronics of the Superjet package is not temperature
compensated beyond a range of -25° to +145°F.

2.2.2 Fifteen Minute Scenario

The null bias at 72*F +5*F has a shift of about 1 mv over a 15 minute
period which is equivalent to .166 degrees per second rate, which was indi-
cated by observing the units throughout the test program. Drift test data

are reported for one mintue periods, in Sections 3.1, 3.3, 3.4, 3.6 and 3.7.

11
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2.3 Reliability

The only moving mechanical part in the Superjet Angular Rate Sensor is
the vibrating pump diaphragm. This diaphragm consists of a ceramic piezo-
electric crystal which is flexibly mounted around its periphery and has
electrically excited faces perpendicular to the mounting plane. Stress levels
induced under normal operating amplitude conditions are approximately 17

percent of rated fatigue strength. As a result, the crystal may vibrate
indefinitely without limiting the life of the sensor.

Life tests on five experimental models have exceeded 34,000 hours each
or a cumulative total of over 170,000 hours without failure. The complete
absence of wear limited components in both the jet sensor and the electronics
has made it possbile to attain a virtually unlimited unit life.

The environmental resistance of the sensor assembly has been analysed
for a broad spectrum of vibration, shock and acceleration dynamic conditions.

The Superjet Angular Rate Sensor is exceptionally tolerant to angular
rate overranging. This is a consequence of the fact that overranging does
not produce an internal mechanical force on stops, gimbal suspensions, or
spin bearings as in conventional rate gyroscopes. Thus, the unit will re-
cover from any degree of overranging without degradation of performance.

Electronic oscillator driver and bridge output amplifier circuits arc
extremely simple. Failure rates for these components were derived from MIL-
HDBK-217A, using 71*C ambient temperature and environmental stress factors
for manned aircraft. The predicted failure rate of the complete circuitry
totals four failures per million hours, or an equivalent MTBF of 250,000 hours.
This gives an operating probability of success 0.999996.

The "Superjet" roll rate sensor is currently used on the "Copperhead"
program which is a cannon launched guided projectile. Early reliability
predictions on Copperhead, for the roll rate sensor, produce the following
probability of success:

Storage Failure <.9906
Operating Failure <.9999995

This was based on the reliability math model as shown in Figure 2.3-1,
(Reference: Copperhead (CLGP) Reliability (RAM-D) Report, Eleventh Bimonthly,
CK1 SRP 00801000-011, Figure 1, Page 151).

2.4 Maintainability

The Superjet rate sensor is a hermetically sealed unit fabricated by
Hamilton Standard. There are no outside moving parts and there is no main-
tenance requirement. If there is a malfunction, on the Copperhead program,
the sensor is replaced, and sent back to the manufacturer for refurbishment.

2.5 Weight and Volume

The total weight of the Superjet package is 12.0 ounces and the total
volume does not exceed 1.5" x 3.5" x 5". Figure 2.5-1 shows the outline of
the sensor package.

12
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SUPERJET RATE SENSOR SPECIFICATION

HAMILTON STANDARD

Weight of jet: 3.8 oz

Weight of total package: 12.0 oz

Input voltage: +15V at 80 mA
-15V at 7 mA

Rate range: 500 deg/s

Scale factor: Rate -6 mV/deg/s

Angle -120 mV/deg

Null stability - +0.6 deg/s (when bias is

*(absolute, environment) stored during

rates)

Scale factor - 15%
(absolute, linearity, environment, and symmetry)

Linear acceleration

sensitivity: 0.02 deg/s/g

Frequency response: >40 Hz

Input axis alignment: <h degree

Environmental capacity: Temperature: -2 5
0 F to +155OF

Vibration: 7.6g rms
Shock: 10,0009

TABLE 2.1-1

15
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3.0 PERFORMANCE TESTS

Three Superjet roll rate sensors were subjected to a series of baseline
tests consisting of the following:

input voltage (volts)
input current (amps)
full scale range at 2% linearity (degrees/seconds)
hysteresis (millivolts)
threshold (degrees/seconds)
resolution (degrees/seconds)
output drift (degrees/seconds)
ready time (seconds)
null offset (add after initial baseline testing) (millivolts)

The sensors were then monitored for various environmental factors which
included the following:

Sensitivity to acceleration (degrees/second/G)
Temperature sensitivity at +165 0 F
Temperature sensitivity at -30*F
Sensitivity to jerk (a)
Acoustic sensitivity
Vibration environment

A majority of the performance testing was conducted in Martin Marietta's
Precision Inertial Laboratory. The acoustic and vibration environments were
generated in the Environmental Test Lab of the Orlando Division. Barometric
pressure was 30.00 t .08 in Hg throughout the test program.

A Hewlett Packard 9500 test set was used in the Inertial Lab, to pro-
gram the Genisco 1100-2 rate table. The rate table was wired to the computer
such that all power input to the Superjet test unit occurred simultaneously.
This allowed the Superjet sensor to experience the actual procedure involved
during a real ejection situation.

3.1 Baseline Tests

3.1.1 Test Setup and Procedure

Three "Superjet" rate sensor packages were tested in the Precision
Inertial Laboratory on the Genisco series 1100-2 rate table. This rate table
is programmable by paper tape reader or automatic test set for automatic
operation. Speed accuracy is 0.01%; the table servo has a peak torque of 22
ft.-lbs.

The Hewlett Packard 9500A-145 test set was used to program the rate table.
The test set includes a Hewlett Packard HP2116C computer controlling two 50-
volt and two 100-VDC programmable power supplies as well as five non-programmable
20-ampere, 40 VDC power supplies controlling a programmable counter, oscilloscop ,
a volt-ohm meter and a modular switch for control of these devices.

18
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Each test unit was centrally located on the rate table by using a standard
8"x8"x8" test cube in the lab. The input axis of the sensor coincided with the
rotation axis of the rate table.

The computer in the test set was programmed to increment the rate table
(usually in 50 degree/second increments) to the maximum counterclockwise rate
and back through zero to the maximum clockwise rate and back to zero rate.
The actual rate and output of the sensor was recorded at each rate increment.
Each data point represented an average of 40 readings taken within approximately
1.6 seconds or less. The maximum rate was varied by 50 degrees/second intervals

until the non-linearity exceeded +2% of full scale, as calculated using
a least-squares-fit straight line.

The output drift of each unit was measured on the rate table with the
computer programmed to give a readytime plot, wait 15 seconds and take an
average of 40 readings of the output, and repeat for a one minute time period,
at 15 second intervals. This was done for rates of 100, 200, 300, 400 and 500
degrees/second.

Threshold and resolution was derived by rotating the rate table from 0.0
degrees/second to 1.0 degrees/second in 0.1 degree/second increments. And 5.0
degrees/second to 6.0 degrees/second in 0.1 degree/second increments, respectively.

A test schematic for the baseline test is shown in Appendix A, Figure A.2-1
of this report.

The test program was conducted under the guidance of the Test Plan (see
Appendix B) prepared by Jerome C. Salmons, November 1979 which was approved by
NADC on January 11, 1980. A detailed procedure for the baseline tests is
shown in Appendix A, Part A of this report.

The algorithm used for calculating the least-squares-fit data and output
drift may be found in Appendix C.

3.1.2 Baseline Test Results

The scale factor was computed as the slope of the least-squares-fit
straight line. Percentage error from both fullscale and "ideal" (actual read-
ing) was calculated for each data point.

The full scale rate of the sensor was determined by the t2% linearity
error requirement. Hysteresis values for clockwise and counterclockwise rates
were calculated. The bias shown on the data sheets was determined as the
Y-intercept of the least-squares-fit straight line.

A typical plot of voltage output vs. rate is shown in Figure 3.1.2-1 for
S/N 355. Since the hysteresis error is so small (.002% of full scale) the
plot is a straight line. This figure was transposed from Table 3.1.2-I. The
scale factor program printouts are shown for all three serial numbers In
Tables 3.1.2-I through 3.1.2-VI.

19
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NADC 80081-60

The first column in this table is the actual rate of the rate table as
recorded by the computer with an accuracy within .01%. The second column is
the average of 40 readings taken while dwelling at a known rate. The third
column is the calculated value of the output using the curve fitting techni-
que of the least squares fit straight line. The fourth column is the error
of the particular data point as percentage of the full scale rate (from the
least squares fit straight line). The fifth column is the error of each
data point as a percentage of the corresponding output from the least squares
fit straight line. A test summary is provided at the bottom of each table
for individual evaluation.

Tables 3.1.2-VII through 3.1.2-IX show the results of the output drift.
The first reading for each rate input is the output value after 15 seconds.
The next reading is the value after 30 seconds. The third and fourth read-
ings are the values for 45 and 60 seconds respectively. The third column is
the mean divided by the actual rate. This was used to evaluate the drift
since there were small changes in rates.

A typical readytime plot is shown in Figure 3.1.2-2. Readytime is
defined as the time required for the device to reach 95% of its steadystate
output without any electronic warmup, at any rate.

Threshold and resolution for the "Superjet" rate sensor was found to be
less than 0.1 degrees/second. The actual value was not obtained due to the
limited accuracy of the equipment used. It is believed that for the maximum
performance escape system, a threshold and resolution of 0.1 degree second
for this device will not impair the expected system performance significantly.
The specification made by the Copperhead program at Martin Marietta'called
for Superjet threshold and resolution to be 0.03 degree/second maximum.

3.1.3 Data Evaluation

Baseline test data for the three Superjet rate sensor packages tested
produces the following worst case evaluation:

1. Full scale rate at +2% linearity 475 +75 degrees/second
2. Scale Factor .0061 +.0001 V/degrees/second
3. Bias +.26 degrees/second
4. Hysteresis +.56 degrees/second
5. Threshold <.1 degrees/second
6. Resolution <.I degrees/second
7. Readytime .068 second maximum
8. Drift +.55 degrees/second/minute max.

The values for each unit may be evaluated from Table 3.1.3-I (baseline
test data) and Table 3.1.3-I (baseline drift and readytime test data).
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RATE SENSOR TEST PROGRAM NADC 80081-60

DATE. .. 2-18-80 RUN. Initial BaselineDAT . ..... 5..... RU RN .. b. ........
TEMP ..! ... 50%RH SER# ..*5

RATE V OUT V CALC Z FS Z IDEAL
(DEC/SEC) (VDC) (VDC)

-49.989 .2953 .3057 .342 -3.418
-99.8422 .5898 .609 .628 -3.147
-149.639 .8873 .9119 .91 -2.706

* -199.549 1.1873 1.2155 .929 -2.328
-249.455 1.4913 1.5191 .915 -1.834
-299.286 1.7996 1.8223 .746 -1 .246
-349.236 2.1134 2.1261 .418 -. 598
-399.08 20.433, 2.4289 -. 143 .179
-448.893 2.7599 2.73P4 -.901 1.003
-498.808 3.093 3.036 -1.872 1.876
-448.988 2.7613 2.733 -.93 1.036
-399.032 2.4354 2.4291 -. 21 .263
-349.182 2.1163 2.1258 .312 -.447
-299.329 1.8029 1.8225 .945 -1.077
-249.395 1.4945 1.5198 .796 -1.59i;
-199.499 1.1906 1.215,0 .Ro -2.025

-149.69 .8906 .9122 .711 -2.375
-99.7762 .5929 .6086 .513 -2.573
-49.9797 .2975 .3056 pf68 -2.68
49.8369 - .2926 -.3016 -.297 -2.933

* 99.7095 -.5881 -.605 -.557 -2.79"
149.589 -.8862 -.9084 -.731 -2.445
199.43 -1.1863 -1.2116 -. 834 -2.09'
249.322 -1.4899 -1.5152 -. 83 -1.664
299.192 -1.7976 -1.8185 -.697 -1.147
349.056 -2.11 -2.1219 -.392 -.562
398.962 -2.4282 -2.4255 .091 .114
448.814 -2.7528 -2.7287 .791 .88p
498.677 -3.0835 -3.0321 1.691 1.696
448.862 -2.7533 -2.729 .799 .89
398.921 -2.4291 -2.4252 .126 .158
349.087 -2.1114 -2.1221 -.35 -.501
299,178 -1.7988 -1.8184 -.645 -1.078
249.374 -1.4914 -1.5155 -. 792 -1.587
199,459 -I.188 -1.2118 -.784 -1.966
149.545 -. 888 -.9082 -.663 -2.216
99.7078 -. 5903 -. 605 -.493 -2.421
49.8523 -.2944 -.3017 -.24 -2.409

TEST SUMMARY
FULL SCALE RATE (DEG/SEC): 500
SCALE FACTOR (V/DEG/SEC): -6.08342E-03

BIAS (VOLTS) : 1.57557E-03
HYSTERESIS, NEG RATES (VDC): -3.37982E-03
HYSTERESIS, POS RATES (VDC): 2.23863E-03 el /,,/ /

TEST ENG INEER,-.',.... 7 .

READY

TABLE 3.1.2-1
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RATE SENSOR TEST PROGRAM NADC 80081-60

DATE...z-J P-.O. ..... RUN ,M, W%. seee

TaE, .......... SE R# ... ,355 ...

RATE V OUT V CALC 7. FS Z IDEAL
(DEG/SEC) (VDC) (VDC)

-49.9388 .2951 .3073 .362 -3.984
-9948574 .5896 .6124 .68 -3.748
-149,648 .8863 .9168 .908 -3.339

* -199.549 1.1858 1.2219 1.072 -2.953
-249.487 1.4898 1.5271 1.11 -2.447
-299.272 1.7978 1.8315 1.001 -1.84
-349.167 2.1117 2.1365 .738 -1.162
-399, 37 2.4313 2.4413 .299 -.412
-448.851 2.7573 2.7459 -.34 .416
-498.805 3.0903 3.0512 -1.161 1.28
-548.737 3.42993 3.35652 -2.183 2.188
-498.766 3.0918 3.051 -1.213 1.338
-448.95 2.7598 2.7465 -.398 .488
-399.057 2.4343 2.4415 .212 -.292
-349.147 2.115 2.1364 .635 -1
-299.296 1.8017 1.8316 .889 -1.634
-249.444 1.4938 1.5269 .984 -2.171
-199.492 1.19 1.2215 .938 -2.587
-149.678 .8899 .917 .804 -2.956
-99.8151 .5927 .6122 .581 -3.199
-49.9625 .2971 .3074 .305 -3.362
49.8529 -.2924 -.3028 -.309 -3.41
99.7061 -.5876 -.6075 -.591 -3.26
149.584 -.885 -.9124 -.815 -2.998
199,444 -1,1847 -1.2172 -.968 -2,669
249.349 -1.4881 -1.5223 -1.018 -2.245
299.215 -1 .7952 -1.8271 -.949 -1.745
349.153 -2.1076 -2.1324 -,738 -1.162
398.94 -2.4257 -2.4368 -.328 -.452
448.792 -2.7502 -2.7415 .259 .318
498.706 -3.0811 -3.0466 1.026 1.131
548.615 -3.41805 -3.35169 1.974 1.979
498.693 -3.0821 -3.0416 1.058 1.167
448.853 -2.7519 -2.7419 .298 .365
398.968 -2.4279 -2.4309 -.268 -.37
349.126 -2.1103 -2.1322 -.652 -1.027
299.217 -1.7979 -1.8271 -.869 -1.596
249.349 -1.4906 -1.5223 -.942 -2.079
199.481 -1.1872 -1.2175 -.899 -2.478
149.578 -.8876 -.9124 -.739 -2.716
99.6536 -.5902 -.6072 -.504 -2.784
49.8472 -.2943 -.3027 -.251 -2.766

TEST SUMMARY
FULL SCALE RATE (DEG/SEC): 550
SCALE FACTOR (V/DEG/SEC): -6.11309E-03

BIAS (VOLTS) : 1.98895E-03
HYSTERESIS, NEG RATES (VDC): -4.12464E-03_. /
HYSTERESIS, POS RATES (VDC): 2.72226E-03 / "/

TABLE 3.1.2-Il TEST ENGINEE 1 1- )1.( '

READY
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RATE SENSOR TEST PROGRAM NADC 80081-60

DATE 2=18. 8 0...... RUN Inital Baseline

'TIM.. 72°F 50%RH SER#. 3 ..

RATE V OUT V CALC % FS % IDEAL
(DEG/SEC) (VDC) (VDC)

-49.9477 .2945 .3058 .461 -3.69
-99.766 .5947 .6122 .712 -2.853
-149.737 .8985 .9196 .856 -2.288
-199.612 1.2061 1.2263 .?.3 -1.65
-249.448 1.519 1.5328 .563 -.904
-299.355 1.8379 1.8398 .078 -. 105
-349.235 2.1641 2.1466 -.711 .815
-399.093 2.4978 2.4532 -1.914 1.818
-349.206 2.1648 ?.1464 -.748 .857
-299.35 1.8391 1.8398 .027 -. 036
-249.453 1.5206 1.5329 .501 -.803
-199.555 1.2079 1.226 .734 -1.471
-149.71 .9006 .9194 .765 -2.044
-99.8404 .5966 .6127 .656 -2.63
-49.9325 .2957 .3058 .41 -3.28
49.8582 -.3034 -.308 -.187 -1.5
99.7501 -.6034 -.6149 -.467 -1.873

* 149.591 -.9055 -.9214 -.645 -1.725
199.483 -1.2111 -1.2282 -.696 -1.395
249.359 -1.521 -1.535 -.5CR -.912
299.221 -1.8359 -1.8417 -. 2.33 -. 312

349.141 -2.1575 -2.147 .359 .411
399.028 -2.4857 -2.4555 1.226 1.229
349.109 -2.1581 -2.1485 .39 .446
299.222 -1.8371 -1.8417 -.199 -.951
249.374 -1.5221 -1.5351 -.53 -.85
199.539 -1.2126 -1.2P86 -. 652 -1.307
149.561 -.9074 -.9212 -.563 -1.505
99.7179 -.6047 -.6147 -.40C -1.628
49.8778 -.3043 -.3081 -.154 -1.234

TEST SUMMARY
FULL SCALE RATE (DEG/SEC): 400

SCALE FACTOR (V/DEG/SEC): -6.15037E-03
BIAS (VOLTS) : -1.35492E-03

HYSTERESIS, NEG RATES (VDC): -2.0805(E-03 e
HYSTERESIS, POS RATES (VDC): 1.84214E-k3 / // ,/

TEST ENGINEEI..

READY F 0

TABLE 3.1.2-III
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RATE SENSOR TEST PROGRAM NADC 80081-60

DATE. 2-18-80 Ri.ntlBsln........... . RU.tlt Baeln
TEMP 729F 50%RH '373....... .*......

RATE V OUT V CALC % FS 7. IDEAL
(DEG/SEC) (VDC) (VDC)

-49.9608 .2946 .3096 .539 -4.849
* -99.8506 .5953 .6187 .837 -3.771

-149.648 .8998 .9272 .98 -2.948
-199.546 1.2078 1.2363 1.022 -2.305
-249.431 1.5213 1.5453 .861 -1.554
-299.318 1.8406 1.8543 .492 -.74
-349.196 2.1668 2.1633 -.124 .16
-399.035 2.5006 2.472! -1.024 1.154
-448.954 2.8432 2.7813 -2.22 2.225
-399.108 2.5015 2.4725 -1.041 1.173
-349.235 2.1677 2.1635 -.15 .193
-299.368 1.8417 1.8546 .464 -.697
-249.512 1.5225 1.5458 .834 -1.504
-199.587 1.2095 1.2365 .969 -2.186
-149.759 .9017 .9278 .939 -2.82?
-99.8219 .5975 .6185 .754 -3.398
-49.9438 .2961 .3095 .482 -4.339
49.8885 -.3035 -.3089 -.194 -1.746
99.7585 -.6037 -.6179 -.509 -2.295
149.572 -.9061 -.9265 -.728 -2.191199.422 -1.2117 -1.2,53 -.845 -1.907

249.369 -1.5219 -1.5447 -. 817 -1.474
299.209 -1.8371 -1.8534 -.585 -.88
349.117 -2.1588 -2.1626 -.135 -. 174
398.963 -2.4875 -2.4714 .577 .651
448.943 -2.8236 -2.781 1 .529 1.532
399.009 -2.488 -2.4717 .587 .662
349.112 -2.16 -2.1626 -.092 -.118
299.219 -1.8384 -1.8535 -.542 -.815
249.379 -1.5232 -1.5447 -. 773 -1.395
199.412 -1.2134 -1.2352 -. 783 -1.768
149.654 -.9078 -.927 -.688 -2.07
99.7332 -.6049 -.6177 -.458 -2.066
49.8699 -.3044 -. 3088 -. 158 -1,423

TEST SUMMARY
FULL SCALE RATE (DEG/SEC): 450
SCALE FACTOR (V/DEG/SEC): -6.19478E-03

BIAS (VOLTS) : 1.14196E-04
HYSTERESIS, NEG RATES (VDC): -2.13492E-03 / 7-
HYSTERESIS, POS RATES (VDC): 1.65558E-03 / K /6x

TEST ENGINEF X d'.<t7/ "
READY 2 r "

TABLE 3.1.2 -IV
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NADC 80081-60

RATE SENSOR TEST PROGRAM

DATE. RUNInitial Baseline

TEMP.. . 50ZRH SER#..38.......

RATE V OUT V CALC X FS Z IDEAL
(DEG/SEC) (VDC) (VDC)

-49.9772 .2977 .3086 .323 -3.555
-99.7863 .594 .6153 .626 -3.453
-149.725 .8933 .9227 .868 -3.189
-199.543 1.1952 1.2294 1.008 -2.777

* -249.421 1.5011 1.5364 1.042 -2.298
-299.279 1.8115 1.8433 .94 -1.728
-349.155 2.1272 2.1504 .684 -1.078
-399.025 2.4486 2.4574 .259 -. 357
-448.908 2.7762 2.7645 -.346 .424
-498.769 3.1088 3.0714 -1.103 1.216
-548.666 3.44492 3.37865 -1.957 1.962
-498.778 3.1093 3.0715 -1.117 1.232
-448.879 2.7775 2.7643 -.391 .479
-399.065 2.4508 2.4576 .202 -.278
-349.214 2.1299 2.1508 .617 -.971
-299.287 1.8144 1.8434 .857 -1.576
-249.445 1.504 1.5366 .962 -2.121
-199.527 1.1979 1.2293 .927 -2.555
-149.715 .8959 .9226 .789 -2.898
-99.7643 .596" .6151 .559 -3.081
-49.9782 .2985 .3086 .3 -3.305
49.8389 -.2951 -.3059 -.316 -3.49
99.7213 -.5926 -.6129 -.602 -3.318
149.615 -.8923 -.9201 -.821 -3.019
199.41 -1.1942 -1.2266 -.958 -2.643
249.344 -1.5001 -1.534 -1.003 -2.212
299.168 -1.8101 -1.8408 -.907 -1.667
349.094 -2.1251 -2.1481 -.678 -1.069
398.914 -2.4456 -2.4548 -.271 -.374

448.85 -2.772 -2.7622 .289 .355
498.659 -3.1036 -3.0658 1.026 1.131
548.515 -3.43916 -3.3757 1.874 1.879
498.693 -3.1043 -3.069 1.042 1.149
448.814 -2.7736 -2.762 .344 .422
398.953 -2.4482 -2.455 -.202 -.279
349.129 -2.1276 -2.1483 -.612 -.963
299.188 -1.8123 -1.8409 -.843 -1.549
249.324 -1.5023 -1.5339 -.932 -2.056
199.447 -1.1964 -1.2269 -.899 -2.478
149.654 -.8944 -.9203 -.764 -2.809
99.7J27 -.5945 -.6128 -.542 -2.989
49.8288 -.2965 -.3058 -.274 -3.028

TEST SUMMARY
FULL SCALE RATE (DEG/SEC): 550
SCALE FACTOR (V/DEG/SEC): -6.15613E-03

BIAS (VOLTS) : 9.52902E-04
HYSTERESIS, NEG RATES (VDC): -2.85959E-03 /
HYSTERESIS, POS RATES (VDC): 2.57397E-03 - '

TABLE 3.1.2-V TEST ENGINEE" . "

TES , .I,,E .... .. 6
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RATE SENSOR TEST PROGRAM

2-21-80 RUN Initial Baseline NADC 80081-60

F 50%R 31TE.... SER# ............

RATE V OUT V CALC Z FS X IDEAL
(DEG/SEC) (VDC) (VDC)

-49.9646 .2978 .3105 .342 -4.11
-99.8151 .5948 .6193 .659 -3.958
-149,69 .8941 .9262 .917 -3.674
-199.492 1.1965 1,2366 1.08 -3.247
-249.402 1.5028 1.5457 1.155 -2.778
-299.30G 1.8132 1.8548 1.12 -2.245
-349.142 2.1292 2.1635 .921 -1.583
-398.988 2.4506 2.4722 .582 -.875
-449.006 2.7779 2.782 .11 -.148
-499.82 3.1105 3.0905 -.538 .647
-548,624 3.44725 3,39903 -1.298 1.419
-598.524 3.78638 3.70S09 -2.107 2.112
-548.659 3.44843 3.39925 -1.324 1.447
-498.79 3.1123 3.0903 -.591 .71
-448.879 2.7802 2.7812 .027 -.036
-399.103 2.4531 2.4729 .532 -.8

-349.137 2.1316 2.1634 .858 -1.475
-299,338 1.8155 1.855 1.064 -2.132
-249.424 1 .5052 1 .5459 1 .095 -2.635
-199.524 1.1991 1.2368 1.015 -3.053
-149,666 .8963 .928 .953 -3.419
-99.8218 .5965 .6193 .613 -3.683
-49.9053 .2987 .3101 .308 -3.702
49.6445 -.2957 -.3077 -.321 -3.87
99.7399 -.5934 -.6167 -.627 -3.772
149.561 -.8934 -o9253 -.859 -3.444
199.42 -1.1955 -1.2341 -1.039 -3.126
249.337 -1.5016 -1.5432 -1.12 -2.694
299.178 -1.812 -1.8519 -1.075 -2.156
349.044 -2,1274 -2.1608 -.999 -1.546
398.884 -2.4478 -2.4695 -.583 -.877
448.799 -2.7745 -2.7786 -.111 -.149
498.743 -3.1059 -3.088 .484 .58P
548.62 -3.44174 -3.39681 1.209 1.322
598.466 -3.77955 -3.70554 1.992 1.997
548.562 -3.4427 -3.39646 1.244 1.361
498.721 -3.1075 -3.0878 .529 .636
448.857 -2.7759 -P.779 -.083 -. 111
398.899 -2.4497 -2.4696 -.533 -. 802
349.051 -2.1292 -2.1608 -.851 -1.463
299.198 -!8139 -1.8521 -1.027 -2.06
249.344 -1,5038 -1.5433 -1.062 -2.556
199.464 -1.1977 -1.2343 -.986 -2.966
149.632 -.8952 -.9257 -.R22 -3.296
99,6367 -.5952 -.6161 -.563 -3.388
49..8377 -.2969 -.3076 -.288 -3.47

TEST SUMMARY
FULL SCALE RATE (DEG/SEC)t 600
SCALE FACTOR (V/DEG/SEC): -6.19356E-03

BIAS (VOLTS) % 1.04026E-03
HYSTERESIS, NEG RATES (VDC) = -2.58541E-03 / " j
HYSTERESIS, POS RATES (VDC): 2.23064E-03 , -,

TABLE 3.1.2-VI T E.-.. ,k,.y4" / 1 / "
TEST
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RATE SENSOR PROGRAM: OUTPUT DRIFT NADC 80081-60

TEMP. .?O 5oRH E# 355
. ........ SER# ...........

OUTPUT DRIFT IN 15 SEC INTERVALS
TIME RATE MEAN SCALE FACTOR
(SEC) (DEG/SEC) (VDC) (VOLTS/DEG/SEC)

15 99.8056 .59277' 5.93 97E-03
30 99.9325 .59322 5.94215E-03
45 99.8305 .59357 5.9457RE-03
60 99.9634 .594153 5.94966E-03

15 199.592 1.18991 5.9617PE-03
30 199.557 1.19068 5.96663E-0.3
45 199.567 1.19153 5.97059E-0.3
60 199.59 1.19221 5.9733OE-03

15 299.339 1.80431 6.02766E-03
30 299.342 1.80549 6.03154E-03
45 299.337 1.80621 k.03404E-03
60 299,318 1.80705 6. 03 723 E- 03

15 399.056 2.4422P 6.1999E-03
30 399.09 2.44294 6.12126E-03
45 399.065 2,44408 6.12452E-03
60 399.112 2.44519 6.1265RE-03

15 498.868 3.10CS9 6.22789E-03
30 498.909 3.1081 6.229SOE-03

45 498.824 3.1092.5 6.233 16E-03
60 498,847 3.11066 6.23569E-33

READY

*Data Shown are for t - 15, 30, 45, and 60 seconds for each of five nominal
rate inputs of 100, 200, 300, 400, and 500 degrees/second.

TABLE 3.1.2-VII
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RATE SENSOR PROGRAM: OUTPUT DRIFT NADC 80081-60

DATE...1.. ...... RUN. Initial Baseline

TEMP. ;;.t .. M 'Q ... SEW ... 373

OUTPUT DRIFT IN 15 SEC INTERVALS
RATE MEAN SCALE FACTOR
(DEG/SEC) (VDC) (VOLTS/DEG/SEC)

99.8112 .591919 5.93039E-03
99.964 .59P952 5.93760E-03
99.8498 .593578 5.94471E-03
99.8284 .594043 5.95064E-03

199.589 1.20507 6.03772E-03
199.578 1.20608 6.04316E-03
199.581 1.20674 6.04 63E-03
199,538 1 .20752 6,05156E-03

299.309 1.84101 6.15090E-03
299.316 1.84205 6.15420E-03
299.338 1.8429 6.15659E-03
299.338 1.84376 6.15946E-03

399.1 2.50633 6.27997E-03
399,115 2.50797 6.28383E-03
399.072 2.50R87 6.28676E-03
399.079 2.50979 6.289CE-03

498.88 3.20376 6.42191E-03
498.89 3.20515 6.42456E-03
498,938 3.20679 6.4P761E-03
498.927 3.20789 6.42958E-03

READY

//
/ -

TABLE 3.1.2 -VI I1
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RATE SENSOR PROGRAM: OUTPUT DRIFT NADC 80081-60

DATE... . .2-19-80. RUN n.tal .Baseline

TEMP..
2  :' 50 o. SER# .... ..

OUTPUT DRIFT IN 15 SEC INTERVALS

RATE MEAN SCALE FACTOR
(DEG/SEC) (VDC) (VOLTS/DEG/SEC)

99,8467 .592.919 5.93HP9E-03
99. 780. .593474 5.94781E-0
99.8533 .593904 5.94777E-03
99.7711 .594278 5.95642E-03

199.599 1.19523 5.98917E-03
199.61 1.19608 5.99208E-03
199.599 1 .19674 5.99573E-03
199.583 1.19772 6.00113E-0W

299.316 1.81507 6.06406E-03
299,346 1.91605 6.06674E-03
299.359 1.81723 6.07042E-03
299.322 1.81789 6.07336E-03

399.073 2.45741 6.15779E-03
399.069 2.45848 &.16053E-03
399.103 2.45949 6.16.53E-03
399.71 2.46072 6.16613E-03

498.804 3.123 12 6.2612?.E-03
498.83 3.1?489 6.26444E-03
498.83 3.1261 6.26687E-03
498.859 3.12645 6.26720E-04

READY

TABLE 3.1.2 -IX
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NADC 80081-60

FULL SCALE
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NADC 80081-60

Ln.

E- 4 (n kn in-~ %

>4 0 0 0 0

C14 IA IA 0 '0

0A C C', (' -: -: -

0 . . .A . 0

-4 J '4 -

z ~44
z- -n ( e 4 -4 -

mcel 4: 4: 4: 4

IIT

CV) 4+ 4 4 4 4+

o

33



NADC 80081-60

*l 3.2 Acceleration Sensitivity

3.2.1 Test Setup and Procedure

The "Superjet" rate sensors (one at a time) were mounted on the Genisco
model 1100-2 rate table in the Precision Inertial Laboratory. The rate table
was again controlled by the Hewlett Packard 9500A test set. The scale factor
test program (see Section 3.1) was used and a maximum rate of 500 degrees/
second was used as a baseline. The rate sensors were subjected to constant
accelerations in each direction along the three mutually perpendicular axes,
(See Figure B.2-1 in Appendix A).

The X and Y axes were accelerated with the input axis or Z axis of the
sensor parallel to the rate table spin axis. The Z axis was accelerated with

the X axis or jet axis parallel to the rate table spin axis.

The acceleration tests were conducted per Appendix A Part B of this test
report. The tests deviate from the test plan (Appendix B) for which the
desired maximum acceleration level was 30g.

Due to the saturation of the "Superjet" exceeding a 2% error beyond 500
degrees/second, the maximum acceleration applied was 4.74g which is equiva-
lent to a rate of 500 degrees/second.

The orientation of Superjet while subjected to acceleration was made to
be rate sensitive. The manufacturer performed acceleration tests with the
Superjet oriented to be rate in-sensitive. The performance of the "Maximum
Performance Escape System" depends on the g-sensitivity in any direction of
acceleration, where the worst case appears to be a rate sensitive orientation.

3.2.2 Test Results

By using the scale factor test program, the voltage output of the "Super-
jet" was recorded at 250 and 500 degrees per second. This was done for six
different orientations at a zero arm and approximately a twenty-four inch arm.
The data used for the X and Y axis at the zero arm was obtained from the
baseline post acoustic test results, (see Tables 3.5.2-I, IV and V). Tables

3.2.2-I through 3.2.2-XXI represent data obtained during testing for each
axis accelerated. Using the underlined values, Table 3.2.2-XXII was constructed
for evaluation.

I
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2,ATE SZSOR TEST P:2OGRAM NADC 80081-60

DATIE .-21K-8 R-24 in., ,-.. 3-,2g-8o0R......... *.I t." .... . .. .

TEPP. 72 °F *.0%*. SER#..,3
e ... .... qER eeo . o.5. .. . .

AT V OUT V CALC i 2S ; IPEAL
(MEG/SEC ) (VDC) VDC)

-5J. J 4 3 .3J45 .3149 .33/4 -3.33a
-99.2111 .60465 g.c7 -3.14

-149.'13 .9115 .937' .202 -. '
-199.697 1.2192 1.2492 .952 -2.4
-249 o. 4 1.5314 1 .5CZ8 .5'i -1 .?;F
- P99.477 1 .8425 I .8,7 .753 -] .25n
-349.399 '.1715 -. 137 .391 -. 5
-399.313 2.5005 2.4953 -. 122 .21
-449.18- 2.23 2 .- C26 - .17 1 .i54
-499.493 3.17P4 3.1I2 " 1.933
-449.24f 2.037 2.47 -.r I7 . 9
-399.LX4 8.5.19 2.4951 -. 21 .27,
-349.3i2 2.1732 1.1335 .33 -. 473
-299.517 1.85 0 1.n7P3 .c'2 -I.49
-P42.513 1.534 1.560r .P52 -1.7j7
-199.715 1.221 1.1493 .r79 2 .2

-149.771 .914 .9375 .75, -,2.-2
-99.,-777 .62c:6 .f . 559 2,.7.7
-54.,1 .3055 .3147 .2.5 -.

49.7, 3 -. , 9 -. 3..3 -.2 -2 ~.!5
99.2607 - .219 -.r197 -. 572 -2.,27
149.577 -. 1073 -. 9312 -. 7r7 -.. 5r5
I c9 .439 -1.21.9 -I.t42.5 -. "5 -2.212
249.342 -1.52(P -1.5541 .,1:79 1 .7r,
o9r. .2 -1.81 I 111;55 -. 72r -1 .213
34i9.175 -. G43 -2.1 771 -. 414
39 .,444 -... 49 13 -2 .423 . ,49 .1
442.94 -P.225 -f2.2 .221 .292

492.8:1 -3* I .65 -3.1114 1.715 1.72
4.d ,P. 2 -,, 2 -2.7997 .15R .95r
399.051 - .4933 - 7.422 2, .152 .191
349.133 -. 1 6 -2.177 -. 331, -.47,
2.9 . 11. - 1.S44oa  -1 .2r,54 -. 657 -1 .09:1
249.417 -I .5P92 -1.5544 -.2 7 -1 .6 1:
I9.45r -1.2175 -1.242r -. 232 -. 41
14.571 -. 9N95 - .9312 -. 295 -2.3 f
99.6292 -.r 1!.1I .511 -2*524
4 .7:52 - .3.-l - .30'3 -. 2r I -P.(,21

TEST SWIIARY
FULL. SCALE RATE (DEG/SE') : 54.6

,CALE FACTO'R (V/I0L,/SEC): -2.'426E- 3

3IAS (VOLTS) .1.51145E-03
,,YSTESIS, NEG RATES (VDGC): -,'3A. L -
IIYSTERE;IS, I')2 PATE" (VDC): 2.r7243- .3

IlULL OFFSET (VDC): 3 .,^r,22"- .171

T E ' " .G I I Fl
• REAPY -"-f /

TABLE 3.2.2-1
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PATE ..,3JS01 TErST P2OGRAM NADC 80081-60

D ATE. R. U-' N.-. i-& .. . .. .#,;4 . .

TE 1 P."I ?°....qW, . sR .... k5 ......

RAT-, V OUT V CALC F FS Z IDEAL
(DG/SEC) (VDC) (kJiC)

-5J.JI.5 .3136 .3149 .361 -3 .C13
-99..769 A 55 .252 .C53 -3."7 "2
-149.773 .91, l .!1371 .? r3 - 2'2
-199 .C4 1.21'1 1 ."4'1 .9r2 I
-249.61 1.53 1.5597 .53 -I .(I

-"9 .41 1 . 0474 1.8756 .745
-,49.3 .... 1692 2.122 .411 -.5,,

-399.31 C 1..491 2 .4934 -*J 4 .113
-449.*1'1 2.2333 ,2.2,, - .3, * 4
-4. 2. . . 3 .1748 3.1157 -1.F93 1 '9 r
-44 .P. .8347 2..25 - .
-3 9.Pr, ..5 .'J5 2.4932 -. 3 /I
-342.5 2.173 2.1824 -. 133

5 1.151 1 . 7," C5 7 - .j o .';
-/ 49.57,7 1.5,347 1 55-5 ,79 -1 51f"
-l92.*f2 1 ...... 1 .24~r3 oo 2.3

-14907Q c ) 7937 7,5 -,. ;4
-9. 5 4 r.J4 .i r257 .51,3 -".6 f. 21
"4!.17 .3061 .3140 .977 -2 77i

- ...() 7' - " ' ... 7¢ O
- 7,"'.,; - n "3' -. 3075 -. c4 -' q

99.71' -. J13 -. lrS 15r -2.23
: 149.5;;5~ _ ..e.,C2 - .9:'2' . C'..

;. .S -1. ,.',, -1 .q5'* -. 5 -I .7'
,.," q 3 -1 ."4'1,,. -1.,"r 57 -.71J. -1 .!7

34.3 -2.15i -F..1 751 -. ,13 5

3'a9.,:41 -2.42 : 7 -2.42°52 .,C}9C .12
4/9* C..6 -C . ,""7 -,.7975 .777 .2CC

.3 -3.lC -31:Q7 1 .12 1 . 1
, ., ,5 - o.I... - .. 7 571 . . .,

399.111 -2.49.4 - . 42 .136 .17
349.165 -2.1645 -,.1747 - .326 -. '7
299.249 -1 .8436 -1.8634 -.C35 -1 r,

249.4 42 -!.5,.;, -1.5527 -.72r -1.575
199.503 -I.21 2 -1.2 13 -.725 -1.Frr
149.r21 -.9 '9 -. 93C'1 -. T78 -2. , n 5

99.621 -. 6.3' -. 1 r, -./72 - , '
49.'l ;1 - o .3 2 -. 3277 - .234 -I.353

TEST SIINIARY
FULL SCALE PATE (PNG/EG): 5J0,

SCALE FACTO'? (V/r4E8/.FC): -,.2367,E-,3
3AMh (OLTS)

.Y.: ,8818, U: -,8 4i) -. 627P;:- - ;
,,TE,, sr,'I, P0S RATES (VDCh: 2 .C7, 0Y 9

.T(!LL OFFSET (VTC): .5 11 ql ,-.-Y.

zA DY 3.2.2-11

TABLE 3.2.2-11~-r~~
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ATE StsoVS, TLST P20GRAM NADC 80081-60

)AT=. JLt . ... ta.
TAM .r/.2° F . .'" .S # . ;......

,RATE, V OUT V CALC z FS , IDLAL

()EC./IEc) (VDC) (VDC)

-5. .¢)01 .3.333 .313, .337 -3 .3 . 7

- . 149 .64 44 .6-3 r .61,14 -3 .1 f-c

-1/1 .2 .9,179 .9339 P37 7!
-199.656 1.2143 1.2437 .949 -2.3 7'
-'49.573 1.5,51 1 .554 .92, -1.,55
-99.35 1 .34" 1.W134 .725 -1.211
-349.34 2.IGI5 2.1741 .4-3 -. 577
-. 98 . .4 ,94 2.4Z4 -. 173 .117

-449. F3 2.23-, 2.794 -. 91 I.5
- . ... 3 16,43 3 .1,4i -1.92, 1.93
4-399 . t'...

-1.I,; 2.n 4 6 In.7943 -. 975 1
-399.,.6 2.4912 2 .4 24 1 -. ,. .2 5

-3A9.373 2 .1642 2.1743 .324 -,4014
,99.4[, 1 .8434 1,6,, .72 -1.121

-. 49.552 1.522I 1 .557", 1 .11 -1 . r5

-199 .6-: !.2173 1., ." .,5 -2.144
-149.23 .91d,7 .9341 .75'8 -,2..511

-9 .91,,1 .6,64 .6n , .56 -2. .3
-49.992.9 .3043 .3135 .297 -r. 9,
49.79',I -. C) -. 327 -. -. I1-

,9. 63 1 -. 599 -. C, 4 .53r -r 2.9
149.55r - . F.73 7 - .92G7 - .7- -1P./ 7r
199 .A52 -.. ,S .I,6r - f5F, -2.151
* 49.33A -1 .5n" 3 -1.5469 -. ,51 -1 .713
299 .8:12.9 - 1.834 -1 .,7 -. 711 -1.13
349.117 -21.1546 -,2.IC71 -. 4 -. 572
399.367 -,:.47.99 -. 4775 .- 77 .397
44 ..125 -2.S116, -2. 7c,71 .7,I .P77
49,.724 -3.149 -3 .073 1 .665 1 .7
4,1. N91 -2.8125 -e. 7r,77 .795 .I,22
39.992 -2.4F 12 -2.477 .135 .17
3,I9.141 -.2.1 56f -9.1 672 -. 34 -. Af7

99.,839 -1.837 -1.257 -. 644 -1 .. 77
249.379 -1 .52279 -1.5472 -. 7P2 -1 .562
199.4r69 -1.215 -1.2369 -. 785 -I.9r2
1419.569 -. 905f -. 9268 -. C76 -2.pr
99. 4sC -./- 17 -. (IG5 -. 47:; -,2.3 9
49.7961 -. 2992 -. 30C7 -. 24 -2.40r

TEST SIIrlMARY
FULL SCALE ;?ATE (DE/6EC): 500

"CAI.E FACTOR (V/DE/SEC): -,.21531E-3
JIAS (VOLTS) 2 .FI46QE-03

IIYSTCRESIS, 2EG RATES (V[C): -3.07191E- 3
HYSTERESIS, POS RATES (VDC): 2.52.247E-J3

8AI'LL OFFSET (VlC): 3.5!720E-2,,

TEST Efril OIE7

EADY
T*ALE 3.2.2-111
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RATE SEItSO1 TEST PROGRAM NADC 80081-60
}AT r. . ,)-'.S1P;. . . .. RL) N..-A... P.-.CO. tn..

TE!'P .. .. P S F R# .... ..

AT,- k/ OUT V CALC F VS IDE l.
(DEG/SEC) (.,DC) (VPC)

-49.92 .3022 .31" .31 -3.1
-9 .g354 .6 34 .r?24 .!? -3..r7
-1 l.IS7C )J7 .*)324 .f;7 -. 73
- I9.5,5 1.,"3 °.  1 4,o *C.3 -P.3c I
-249.5 1 .5,47 1 .553! -..134
-299.40!) 1 .G 1i . sc"; .75S" -1 .2('5

-349.3J* 2. 1r!3 2.1 73, .404 -. 579
-399.P5 .4 8,,4 2. 4I 45 -. ,125 .152
-44') . .... 2 4 2.794 -. 914 1 .. )1,
-4,%.'35 3. 1 f"f2 3.1N44 -I. 7 1.P74
-449.391 . " !3 2 . --19 .'1 -. 52 1.3 1
-39F. 143 2.48'! 2.4:'31- -. 197 .2/7
-349.338 2.1635 2.1741 .3Z -. 47

-,.4.,. 549 1 .5274 1 .5535 .24 -1.2,:'
- 199 22 . .2 ) 1 N 1 I., .f-51 -2.131
-149.739 .J 97 .93 n .74" -f% 477
- 7771: . 5,2 .. .. . 51 -P .61
-4*.9333 vi 39 .3121 .25 - 2.65?
49. . - ;1 9 1,3 - .3';5 - .3 ,2 f -3 .292
9 70-7 -. rA,,3 - .C I 5 - .5115 -: 0 1

199.,'3 -q .67113 -1 9231 -. ,:

,."4' .452,. -1 .528" ... -1 .549f2 -. £ 9- 7,I
... ... -1. f;3 71 -1 . r5 9 - .71(7 - .1

51)- .5 1 .!577 -2 .17 -. ,2 -. C 7
399 73 ". 1 -. 4,, ,3 1P3 15/44 9.,11 - 2 .',I71 - 79 F... A ,4

49 .. q19 -3.1554 -3.121 1 .744 1 .74
44 t, .71 711 -2. 79 11 f,5 7 *95 il
399.1.'7 - .4 25F -2.48,j5 .17 .,213
345.1: - . 2 -2.17 -. 317 - .45
299.374 - 1 .840,2 - 1 . , 31 - .r45 - 1 .0717
24 9.473 -1.5'251 -1.5499 -.797 -1.597
199.539 -I.1115 -1 .2394 - .931 - P 0,' 7
149.655 - .9073 -. 9291 -. 702 -2.34,
99.7619 -. 61-7 -. 6189 -. 519 -2 .6)1
49.8765 -. ?999 -. 30 ;6 -.079 -"..1.

TEST SIIIIARY
FULL S;ALE RATE (DEG/SEC): 9,L3

SCALE. YACTOR (V/DEG/SEC): -G.2195L-03
:-',IAS (VOLTS) : I .5532A-3 3

}YSTERESIS, 'I ; 8ATES (VDC): -2.73c(-91---13
!Y"T ,-BESI 110' RATES (VDC) 3.13735L- 3

2LLOFFSeLT ( VDC) : 2. ! 4 7,':~3

,TEA DY2,"1IE

TABLE 3.2.2-1V
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;ATE -,.GO:O TEST PGOCPAM NADC 80081-60
, -,Rjf z e'-I80  Ru+.R -Z .6 .if.

D•Z .*eVAPe....... ........

TEt1P, '. . . 355.. ..

RAT E V OUT V CAl . F. I1 "AL
(flEr/SEC) ("DC) (VDC)

-49.93-4 033 5 .249 1.J.52
9F.,"117 -. 031 1 -..10I -.33 1I•653

-14..93 -. 3PC -. 2225 -.712 ,^ .379
-199.57' -. 3 4 -. 134 .137 -.343
-249.5 , -. 3054 -. 305 , 95 5 -1.914
-299.42 °  -. •0 61 -. Jk71 1 .'41 -3 .7.
-349.341 - .ill,3 ."C 2.161 -3.
-399.199 -. )297 -. 311l .774 -3.475
-44. 5 -.0111 -..1l l; 3.41 -3.799
-4M9. O 3 - nal5 -. 0131 3.2,x.t, -3 .riI I
-44!.3 f, - .0,11 - . 11 r, 3 !42 -1 .' 7

-299•142 -. 07
-49.556 -. 2 r 356 C.5 -. 17 N

9% ... .7 -13 -.00. -I -. '762 1.4
-149.603 -.. U33 -.. 5 1 5 1-.327
-9 15 - 2217 -.•21 -3 -.4 1 .

- P4'.551 -. ,,5 -. 0351 -. 7 4.9fr
-3 -."26 -I.7 4 .I

99 .75, ., .. 5 - 3 ,,5 -20 7.17
149. 7,3 ., ,9 -I 5 -.J r5 -5-7 -1I. ." I
199 .5 7 .,. . .. ' -".371 -II .A52

S . 528 ... 5.0,2, -5.71 -7. ,,

99.3 .h 37 .011 -2.97 -. !7
349.73 .,3! 76 ..2126 -. 7/9 -I E5
1 l9f .57 .37 4 .1 -1!6 1 - . 5

39 9.133 .. 1144 .1141 . 0 4 - .7r, 1
449.292 .2164 .215r .5 _5., I
49,.9, .011.4 .3171 p.. l 11.7
4'9.171 . 1r5 .015r 5.779 (1.433
399.15f: .3J46 .0141 3.542 4.437
349.34-1 11. . 312 1 .6 2.3 2,.323
299 .3',!7 ..31 11 .0111 .53q9 .9,11

,.49.559 .0095 .0096 -. 474 -.951
1996M1I .0078 .J083 -1.379 -3.455
149.677 .0063 . 03C5 -1 .478 -4.93,1"
99.785 C .004; .005 -1.403 -7.329
49.932', .0033 .0035 -1 .4P.3 -14.

TEST SUMM1IARY
FULL SCALE RA TE (DEG/SEC): 5,0

.1,ALE FACTOR (V/DEG/SEC): 3.P.,2I IE-05
3IAS (VOLTS) : 1.99,277E-13

HYSTERESIS, 1,8E' RATES (VDC): -9.999.Mr-09
IIYSTERESIS, PUS RATES (VDC): l"

:'ULL OFFSET (VDC): .13 -

TV.2T 'CIIJEE /..

PEA Y TABLE 3.2.2-V
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RATE .'L~iSo;' Tt T P1POCJAr HADC 80081-60

RA TE k O'UT V CAl..; 7 Fr: 7 2):I

* -4.*9,17-: *,L1.3 ...U.M I 1 I1 r I I .*f73
-99 8'i8 .JOI .d.09 V:97 4 rc')r

91?9.5 '.7 7 A31 M4 P13 5 .7'
249 . 5 3 - J,X. C.,j1 -lzw7 *

.. 9 .414 - .2LY, -015 - (.977

- 3 99 .3,19 - .ON-, I - .,.3F:4 9 .'. , -3 N
-449..).7 -. J q I ..At'!)7 .1171 .9 -. 3

-. 19 .. - .. - .d.19 .3.~ 4C,3 r,3
-- .;39 42 .! (7 c' 1 - .. 11 r

-399. 194 - .0382 - 224 ( -2. VC7
A0 .. 72 )J '72 - 7.7

- 9 .8 .,' 61" -. 0.159 -11.13, '2 .'7

-- 9 .4.1 -41 -- 32 -14 9 r,.I

1 * 9. 7.I .,I4J5* - li."* , 1

299.2974 .1 .i i9 1 .159 I "

3~I 5 ..- i .v4 9 1 2.32r

9 29 J3 721 *v9]

449 .1 J9 ..21311 .013 I 62 7 .23

3 1'9 .1 12 12 ~ .013 1 2. 12
3999.9 Jl,;7 ' 2.~9 07! r, 3
319.! 5 .:!107 vi 35 1

192.(:: .M4S7 .. )J2 1'' -1 5

110). 7-3 oJ253 m5 5 - .' -3*2
1)9.7,13 .JO4 10~42 -1 63" 89

TLS'T S(Jrl(Ii%:?Y
FULL SCALL. 2A (IL G/EC ) :501

SCALE: i'ACt'ki ( V/PtCC,/rFC ): ." 74 r95
oJA XnI.TSg) ICIr

PY8T;VRSI, 8,'FG IATI*:S (Vflc': -*9..
IiYSTERIESIS, Poll 1ATiS QflC): f .85:".-F

"ULl_ LFFSFT (VI)C): 2.23 1 r l:X~

--. A DYTABLE 3.2.2-vi
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SATE 817S0O TEST PROGlArl NADC 80081-60

DTE.2,' ..W .. SR1. A 1C,....

ZAT. V OUT V CAL; % -S - IDEAL
(DEG/SEC) (VDC) (VDG )

-49.9'39 .X,50001 0 1 .435 -1I.rs
-99. 7' Q -. 3004 -. 0.305 , ..... I'lSt1.;7
149.'7- -. 0011I - .07'i -Ic!'1 3 .571

-199.C54 -. 0zIc -. o3015 -. 955 2.3 .,

-249.556 - .002 -.2,.,,. , . °, .
-299.431 -. .J',5 -. 12 G .4012 -. 7
-349.,402 -. 3J3 -. aO 31 1 .2 -1.rl

-399.2N9 -.0,034 -.0036 3. ' 3
-449 ."09 - .J3 -. 3041 5 .2r3 -5.*58
-499. o5 -. 0043 - .334 6 r.51r -(, 53
-449.'! -1 M39 -. J341 4 5q7 -. IlIr,
-399..3 -. J35 003 2.153 r9r,
-3 1,9 .3 7f -. d o 1 C5,1 ,I

-299.399 -n.32n -. 26 -J*295 . ",

24- .5 f7 -.JO2 -.0P -2.497 5.,,Z 1
-1!f.r41 -. J 17 - .,0.:! 15 -3.J1 7.91
-14:9o..12 -.11; 1 - .00,1 -4X.2 I r 14A.07f7

-59.8371 -. L'J7 -. 33J5 -4.71- -3.67
-45.939' - .j3-X3 -5.4 4 54.) )I?
49.931 .. ,7 .. ;2 -C 11 -r.24 - r".977?
99.795, .Jll13 .3Mr -5.17 -,'5. 5T
1 z5.C77 .219 .JJj1 -4.? -13 .r,
15.57,- .J?4 -3.*"7 - 2r
245.53? .,3! .f1.J31 -1.43
2.9 9.4C ' .,236 .037 -. 293 -. 49
349.,':66 .*143 . 0 ,42 1.525 217.1 '3
39.231 .0048 .047 ". 36 , 3.C77
449.11 It o055 .0051^ 4.9; 5.5(2
499.11r .Z06 .3057 IS.)41 r.351
149.1?.6 .0355 .005- 4.S71 5.4 23
399.21 .0049 .0047 3 , 4.444
349.3P .0043 .0042 "1 .0 j7 f.S72
299.417 .01,37 .0037 .675 1.118
,.49.54 .031 .0031 -.632 -1.. 7
199.5P3 .0025 .oo2 -1.717 -4.3 02
149.696 ..302 v4 021 -P.993 -9.664
99.763C .3315 .32 C, -I.9?. -9.934
49.88?.1 .3009 .3311 -2.641 -p,6.4 73

TEST SUMIlARY
FULL SCALE RATE (DEG/SEC): 530

.'SALE FACTOR (V/PEG/SEC): 1.43r,79r- 35
BIAS (VOLTS) * 5.5o-441F-34

HYSTE;IkeSo, ;EG )ATES (VC): -9 .TIE-?9
HYSTERESIS, PS RATES (VDC): 6.347f99-'t

PULL OFFSET (VDC): <.1 e...F,

FA YT:.-fT 
-M, 'J IfEF ; ,

TABLE 3.2.2-VI1

-./-a "



RATZ SLSOR TEST PROGRAM MA 80081-60

D ATE .... i ...... R[' N . MI¥., t mi!l i,.

TE P P ..12N . S E R# .Y. .. .. .. .

RATE V OUT V CALC 1 FS I IDEAL
(DEG/SEC) ( VDC ) ( VVC )

-49.9921 .2975 .3151 .559 -5.5-7
-99.90'68 ,(SIps .931 I .91 -4.551

-149,756s .910 (1 .9464 1.132 -3.779
-199.65 i.,.22, 1 .623 1.5 -3.12.
-'C49.51? 1.54 7 1.5776 1.165 -n.335

-. 99.519 1,8652 1.894 .91 -1.519
-349.399 1 2.1 96 ?..2 9 0; .407 -. 5P?
-399.269 ".5363 2.5.25f -.353 .447.
-449.11 '.884 2.c41? - .35 1.5<.5
-499.i25 3.23S3 3.157 -2,5r9 2.574
-449.11 2.8 S51 2.041 2 -1.327 1.544
-399.35 2.5375 2.5257 - .32 .479
-3 4 9 .4 1 1 2 , % ... 1 ) i9 1 7 3 5 1 -.5 J "

99.4P I?.P6, 1 f',4

199.7,:: 1 .,..47 1 X. 1114 1 .1 v',
.,.51 C,, 4 .A -,4-149.-,.I .91,10 .94( , .1 .C;9 -I,.,

-. 5.1.34 , P .3154 .53? -49 .77oi -1 ,9 -. 3161 -.' - .I

99.6,".1 -.. l32 -.. 3I - .(I -I.23
149.591 - , -19-,77 94 7 7
199.437 -13.'7 -1.2(,1 -l..5?5 -",571
* 4.4. i -J .5j5 ,  - , °5794 -1 . 7 - p. , r
349.1 - .: 9S -P .2 ',7 -I 9J - 77.1

."74 -r .54 .,75
4A2,",.995 -".(U97 -,2.24, ... 27 .'[
19U9 2 3.,2 17 3 1 .1:15 1 91
4,1 p.JI V -,2.F7r, -'.F,423 f-C,7
399..!f 7 2. 5,,. ".1 :". rC,, 7
3,49.1 'i -2'. 194, -2.,1.4 - .491 -. 713
209. .: -I .Sr,77 -I . 942 -. 156 -1 .,'3
24Q.439 -1.51177 -1 579Y -1..35 -f..'VI
19 .49 - .,.3r6 - I .2r31. - .9 67
I l9.r.G13 -. 9223 -.9479 -.Ps2 -:.7:1
!)S. 7213 -.C(51 -. 63, .  -. 5h ->.71
49,Fs I 7 -.31 -.3 1 ,3 - I -I - .''" I

TFST S1IltARY
FULL SCALIE RATE (PF:/s C): 5 V

SCAL, FAC:TOR (V/DFG/.3FC): -C,.37AH3-.*3
BIAS (VOLTS) : -. 141.1 'F-iS

2-" -fRATKS (VDC): -P.. 14 )P2E-4,.
1YZTI*f:sIqf , 1'&0r RATES (VDC): 2.3727 F-A3 /' /' /

I;ULL OFFSFT (VC): - .2:595E-.5 '

T!,T E, N FICr 
.

iEADY TABLE 3.2,2-VT r2 2

42



IATE ;EUSOR TEST PROGR M NADC 80081-60

D ATE.. A-41.Aq F1.•.. RIJN..I Ar.i .p, .
TEM P. l.ea.. oM... s E R.i%7 .....

,RATE V (lT V CALC % F. % IDEAL

(DEG/SEC) (VnrC) (VDC)

-99.,911 .1543 .634n .944 -4.7r3
-149.746 .9141 .9507 !.153 -3 fill!)
-199.693 1 .2278 1.267" 1.,l -3.15n
-,249.59 1.547 1 .5'46 1 .1,4 -P.3 7"
-11q9.443 1.87.5 1.9011 . R 4; -1.5

-349.411 ".2050 2 .21l03 .40l -. 573
-399.299 f.5464 2.535 -. 359 .45

-449.277 2.S946 2.P523 -1.334 1 .4F4
-499,112 3 2494 3,1O87 -2.542 2,547
-449.16 ,2.8959 2.25 16 -1.397 1 .555
-399.18 r ,.54r9 r, ..5343 -.459 .575
-45.483 2 .23I4 . 27 .3o5 -. 465

-299.472 1.S757 I.gSI2 .226 -1.34r
-249.612 1.5502 1.5847 1.,2e2 -2.176
-199.66C 1 .2311 1.27, 1.1. -9.7r
-149.7,2 7 .9173 .()50C 1. ,4: -3.49,2
-99.95 . 73 . ,344 .f54 -.z .27,
-49.99)9 .31 .3174 . ,,7 -5.375
49.7969 -. 3 )q7 -. 3161 ., -2.0,7
99.Cr55 -. 6154 - .63, 7 -.,,r -2.71f
149.52 - .9235 - .9,2 - . " -2.7A1
199.479 -! .21346 -1 .," C63 -1 .oo1 -2.5.3)
2L49.,425 -1 55 3 -1 .5.34 -1.144 , . J3 '
299.249 -1 .8714 -1 .,n!,997 - .,r;93 -I .491
349.1 7F -. i994 -2.,21 t;7 -. 545 -.7,

399.03 -2.5343 -2.533' ..A32 .,4
44. 953 -2.,7C3 -2 .f501 .P, .917
49F.85, -3.2253 -f, 7 1 939 1 .243
449.J14 -2.8771 -2.P535 .83 8 .933
399.094 -2.5349 -2.533 6 .041 .351
349.153 -2.In) 7 -p.2,I f6 -. 501 -. 717
1..., -I.8728 -1.,997 -.248 -1.417

,'49.4"5 -1.55'. -1.5F34 -.991 -1 .9'r
I Q9.4r4 -I .I-363 -1 .2C4 - .O/7 -2.37,
149.517 -. 9'52 -. 9492 -. 755 -,".524
99.711. - .17; -. 633 -498 - 2.497
49.7937 -.311, -.31 C 1 -. 155 -1.554

TEST SlIMMARY
FULL ;CAI.: RATE (I,;/qSEC): 5.10

SCALE FACToP (V/DEG/SEC): -6.3450E-,3
3IAS (VOLT2) : 414.144E-.5

){YSTL"SIS, "I2i RATIE.S (VIC): -3 .35 71)E-11
I{Y8TERE;IS, P8S RATES (VDC): I l. 7" -I

NU L L O F F S E T ( V D C ) : - 5 .3 ,3 5 E -. 13

ZAYTABLE 3.2.2-IX '
hEADY PKST 2r6IrIFA/

" ' "" .;a,,. , ., ."'3

...... .... , ,



fRATS SENSO TEST PROG2AM! NADC 80081-60 V

DATF. V 0UT V CALL i FS Z I.DE AL
(DE/SC) cVC) (vr)c

-4!'-99 , .X991 .3103 .604 r.7!1
*-99 . ) 49 *..55 re353 .939 -4.699

-199.67f2 1.29 1.2, 22 -3.111
-t'49.570 1.54M 12.51457 1.16 -2.3241

-2).4,n' 1 .9744 1 .9.123 .87fl - 1.467
-3 49..319 2k)2, 2o.9 .345.
-39.,14 .5485 .535 9 -. 39 .496.
-449.2J! .8975 2 .9534 -1 .3W' 1 .549
-499.5 3.2527 3 .1097 - . 15 1 .
-4!1-.-14P P. 9977 n.253 -1 .4 0 il 1.5C7
-39.2 .2f7 2 .54 1.3-4 -.5..41 ,96
-3-19.30 6 2.2095 2.f219 .32 - .117'5
-299.514 1.8753 1. 9..5 .939 -2(4,9
-149.532 . 155 .51,54 * 13 -2..17
- 199.675 I .23 1 .5 1 .261 .2.27 -3..11 t

-19 .7r4 .9169 .952 1.1 -3 .7
-"9.154 .. 71 .34! - .3 C
-59..42 .3. 5 -.315 15 751
-4. ,'942 -.31975 1 -. 31534 - I.C, I r97
99.C15 r .,5 -.611 -.52 ,
1!).593 ., .9,95 -r. ; .5 C!

19 *.o46 ,-1.45 -1 ,'.(52 ' - .395 .1 i
-4,.3 58 -1,o, .55...27 1..2

299. 7 1. 1 Z.'1,,1n -1' .517
-349.19 -2199 - 6.,17 7!55c
3 F 9 .5/1 - .513 f; -. 5333 3.I- 7
448.526 -2.,761 2.4 ..71 .,*8.I:A
-I. 8. 4 3 .r91 -. 1r73 1.'A -575
44S.977 -P.87,C -7.154 .! -5 .01F
399.,13 -. 5344 -2.532 3 2 - .1

3c. 171 -2. -2.XI -.,21 -*7/j

1234 -1 .,22n5 -I .29'5 - .';5 -I.43r,
249.35,6 -1 .55.-3? -1 .5,29 -. 96 I ., -,5
1•99.l -. 'S57 -1•265.  -.n6- -1.51
149.5: q2Ar - .9492 -.774
99. 673 - .613f -. 63213 -. P5
•19.2113 -.3 12 -. 3155 -!,'i. -. 4i1

TEST MMON~ARY
FULIL SCAL" PATF (PEG/SEC): 50.1

'CAL-.*7 ; -Ac2 •t //11EG/,EC): -6G .3 '5 VrlE0
131 AS, (VOLTS) 7-4 - . ," 9 .,n ] .! 4

)YSTE~lESl S, tl'&! PATNS ( VD)) -1.(;1731F
-YSTE 17, 1' - . ,AT S C..-., I X I I.52. 1

-ULL OFFSET (V5C): -5 .71

T F S T Vol I .I4',

.EAIi, TABLE 3.2.2-X -of .,

44

5.9-



RATE S7JSOP TEST PPO(1AV" NADC 80081-60

DATE. .2 A...... pt [I )..

2PTL tV OUT V CALC 't .S IDEA
(DE.Vq/7EC) ( k/PC ) (V .

-49. 9 ' .9 ..13 .53 - .3 c
- /I .3 *(1035 . om7 . rp. iCr

- Ifq. .73-1 .9OS5 .9447 1.143 -3 .*15 15
-199.551 1.22 0 I P5,9 1.2; -3.111
-249.5 J7 1 .53F5 1.57C1 .I:'., -2.37:,

- 9 .3 7 1 .1C .7 .9 17 .91 -1."3

-3 49..72 2.1939 8.2j75 .43 15
-399.14,2 .5,,.,- 2.532 -. 3.14 .3

44F. J 2,791 2.,3" -1., 7, l. 23
-49 .9, 323.22 315 -2.155 .r

-449.1.3 .S2! 2.239/1 -1.3111 1 .4 (V
-399.172 2.5349 2...33 -."I ( 4(1
-349.1!,5, f . 1965 1.8274 .345 - .3

- 1 .1;655 1 I. .."17 -1.3 5
-' .41;;1 1. 5- 1," 1 .5751) 1 .,;7 -2,. 14r)

-1 9 .( 17 14, 1 " 23 1. t , ' -.' ?
-149.C75 .91,24 Fe -.14 . 17 - .,
-99.2J9 .(J4 .1J197 .7:-

-0". 7,-3 XSN, .33 .43 6 7 )
- . 9, - .3 1 , - .P7 -,'2. 795

7r,,.73t -.r832 -1 .,43 - r;,c -3 1"
I, .. 53,, -1 . 15 -. I-. -; ," 7

4 .4 1F. -1.5473 -l.,,1C -5.:5 -..17.',
n99.3)1" -. I . 7 -1.;972 -.. 54,
3,49 ..2(5 -I. 1 $57 -2.8133 -.. 559 -.
3S.12:7 " 5..5 -n .5, *"Q

. -2.273f, -2.f44,2 .9!r 1..."2
' 5.,57 -3.2 P, -3 .1,21 1 .9,4 1 .,82

449.0,1 -,..8747 -2.1.44( . 15 I .'n
3q9.131 -2.533 -2 .51 529 .12'7 .Ir
34 .19, -2.1g2, -?1 - .44 ,
2'99.351 -1.715 -1..975 -.... -1.37,
,49 .434 - 1.55o7 - 1.5"11, - .974 - 1. 11'

199.5! -1 .2351A -1."657 -. 9 1! "
1 ,9.(5. - .924( - ,951; I - .3 -2. r'.
99 79.! 7 -. r 16 r, -. 63 45 -.5, r - f.3 r

49.,77 -. 3 1, -. 31,7 -. "4At -2.47

TlST SWLIM'; A
F111.1- SCAL.. TATE (DEW/SE;): 5,)J

SCAI.E I'ACTU (VIDEG/SEC): - r.3;,:7-,
51AS (VOLTS) : ,
f'Y8T ;:E2;I, liir, RATES (VD:): -3.9151" -.

"
7

IYSTTERSI2, POS :(ATFS (V,): 3.533c-J f
2IILL OFFSET (''DCX): ((.l

TL'T F!'2! 8]L

*EADY TABLE 3.2.2-XI

_5



| AT- 2L"I"0 liTEST P OGI'At' NADC 80081-60

tTE . ... . 373 in

L! O T V Pal,,; . F. 'pFAI ... .:
C P.' , /I :, () TC ) ',T(, ) j1F

-,c.7" -. I *J , - . IC, I *.'/" -,.7 4 .
- : -30C

- .45 -. 4;(, -. . 7 - .. .
-.. 9) .43, -. 0343 -. J337 -I .4.3 2.3'
3 1;! . .7'! , -.. 3 1.

-.? ,,,,' -. ,I;+3' - )f', -" I' 2.73
- 12 <" i. - ... '77 - .;'i." -, .......

-4 . I 1 .r, r7 I .r7l
, .. 172 -.7.,7" -. )-, "

-39 .1C7 - . ,. o..
.,,,,, - ...03I -I, ,. 1.7(3

- .'3 - .. )34. -. 33v 7 ' ;I .- 7
C . 4.. ' . J2!3 3

6, - - . X 1 5 I .

.....717... - ..... .j. - 7 '
F- . . 157 1 1 . '5 - ,

49 11 -. 1 1~ '
A .9"5 - .,1.9 -. .3 1 7.7Z5 "7. (,"

r. ( -7 7-
1 . 5 -3 ...) .3 ' . 13 ' ' 1 ]4. 7,l, :, , . 7 *.:.i 2'" . 5,

17 0..

A27-...I. 7.
A,.' I • . , 7 -r r,,!4'" 6. "1 .1

4'49117 . 0,1195 .1.3f, -5. r , - 7 7
399 .. 5 • . ., l .27( -3. , -5 .j I! , .1 7

. .3 -2.7 -: .2; :"

21194 I I5F' .14 4 3 .3( C *
1 7.- '. 1 ,I ',4 f•

149 5,c, 7 .,"95 7 3, -. ' -1, r " r

1 9 7: ', C ,3 ..1 '7 5 .17' 5 A

49 4) 1., 6,1 4. 7(| .3 12..

T4 :2T S";{r'2t flY

FNILL "'t 2 'ATE (j,[- /s [;: ",.3
I(Al, i (./EO/S[.) *.77-1'5 -,j5

IA' (VOLTS) : - 7 '

L 111-I- OFFS T (9911: -C I 1 i7 - ,

T.2f'T KV:';P7I

F POW
TABLE 3.2.2-Xl

46
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",t.TL 0,:030." TLf:T P.lO(;,Af' NADC 80081-60

.471- 0. pt .. Ra24.4 i..

V GUIT V CALC r, t

-I~ ~ .15 *v11: - ! x 7-.5 .1c

7. 5J 1 -3:1 1 -1.,1 *5 ~

-3 13 , 7! 03 (-7 -3;/ ) 40
* ~~041 -2.742 5 14'

F,,~ * ., p 7 .3 '; I l 2 i

1~ I .3457 .14 F.W( .7

.:7 *33 71", C 3 .

-n '7. .',151 .jC 2.A I.'7
0 -.. 1125 I. t 4r 3 'O) 31.

7-
1 

f ( 1t f 7 . 1 , 7

7 . jI /,7 .1F71) 7 .7 r,7
2q! .71 1.~ $1 :17 P.1'J7

4C2  7 C, 7.- 1 7

0 1.33 -1 1 .*754 1 .*777

77.12 .12,.5 -75 o~/i 3"!)r'. 7'.' 0 5 1

3/4, .11:1 -!",11 J,21 -. (2 .51 JiIP r 27 r5( F .1.
':)..'.i' *1, .. 11 1 0.1

I "~.14 *..rl *',*7 .. ,,.7

*'.(5 .3U7 *235 *fl5 fi
C,,,,). VC *).1 33

.0"" *,? 13 75 7r7:

T S, T Mlf IrA;2Y
2 '1. C)L, ;' T .* )1 C /dK2/SiC 5 '.

'CALE AS;VTJP (V/Di (/rEC) : .3.1 47-,- 35
.AAS (linl.T.) : 7. r3 5l, 13

I'Y2T2:L21? IS Pi PAT ES (.c I V" 'K-'1

TABLE 3.2.2-XiII

'7



;?A.TI SL;J20y TLEZT F'2O,21AV NADC 80081-60
PAT .- -80PUVZ- R-Q in.

TFIMP. ,*~ 502.I*. ... A.7 . . .

I! TO u T V tIC 1. GT'~L.

_1 )F -7 2 : -.. ,1 1 F ,4.767 7. rJ7 1)1

..'!178 - .I125 f. 1 7 -r.7
I Q! ..6F:' 17 -. r 12 7,1 - . rr

-1 .Ib -. '5 1 -1 *31)" 2. 7 1
- .4 75 0 . !2 3 -.j1'21; - 2 . C! !i7 '
-41431 - .:_6 - o~31 7 -'.)57 5 F1Jr

S399 Ii4l -.X 5 - .3e9 -4 . 7 )5
-i, .4 27 _.032 - 11.3pI 1

-'I9. 133 -. 0433 -. 11415 -5 . Ar 5 4 7
-449.192 - .04 - 03 22 -5 .522- c.125
-399q.27 -. J365 - 03 49 -. 7 (. 3
-349.-133 - . .3 2 -. 317 -3 . !5 5.57

2~99.I2 -39 -. 24 -. 479 .3

I-k)!).54 -.. 7 n5 -. 7!

-14 ,,1 J3 17 C, -. 2.1 971 1*

/ c .:f .2 111 19A' 2.49 7:

.. ' 8 ."5 7r
1 .'0 . 71 .1-'3

T; 7

1".33C .139 *14j4 -1.5,17 -e 1' 7

513 .172, lk 177 -11 .51 3 7.1,
115 .I~ 243 - 1 7.'1 - 17 . -1.1

.i ~ .0171 F", 1 .3 - 1-"'7
oi . 16 .. )l 77 -C.* -7 '7

I~~ .5J~ 74J5 C

1.~~9..'J 723 .21 r.; 75.l7

?I I .. MJ 7 3 .. " ~*.. 7(
J01 .~AI -*.7 - JJ',3 7. 9,,3 7 7C

"C LL iA(:yUO ( V/ji'./2tj c ):c 5) 7 .T
S IAS OLT 1) -. (3

VYSICK21, .~*ciRATES (VI'C):

I !LL OFF:I T ( vpC):- .51'3 13

71 A: P TABLE 3.2.2-XIV 1
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I
2AT- I'Ji42 ,1T P uRIA r' NADC 80081-60

T)AT:. 3-28-80) r:.*" R24 ipa

.* . .. . .0 . ~i .38... . RL
TEI AP 50M . . . o ...

ATE V OIUT V CALC , i I P EL
(11C,;/I";ZC) ( PC) uqn(_:

-49 .9377 *,'C9 ,c"57 .2 5 -" ' F
-99.'571 5.79 .c, ) 7 .573 -,'.271
-112.7(1 .r7 .155 .77 -. 5C

-19 .5(,5 .1 7-' 1.f: 7 ., c7 -P". 177
-: '9 .. 1 I 5.91 1 53 4¢, .,-5 -1 .71

9 .F . I ,81CII, 1 .,44C .7 -1.1T¢r

-349 .21;4 2.143 ,2.1543 .3 r1
-39.17" :.4(92 2..(41 - .3 .4 1 1
-4/19..)I.: 2.,.325 2 .7736 -. 7r,7
-49:.95 3.13 5 r. 3..3 ; -3I .75 1 .739

7 2"9 27 ., F:.$314 ,,.7T739 - ,wii' .!,c;/

-399.157 . (97 2.4C4 -. 1Vl 03

-349.2 72 ','2. 144" 2.1543 .324 -. 4(7
-299).4 12' 1 . F; A1 1 .3447 . (,C3 -!I .1.3 7

-49.47 1 .5093 1 .53i6 .!7 -1.37
I- q!9.5, m- I I . 1I.,22-19 .733 - .]f

-149.7 7 .,7 9 .91' .733 .17
-99 . I .51,9 l .1( , ..5 2 !. .1 (

-4,9.9,22 .2273 .2 55 .C C, C
49.2577 -. 343 -.3C59 -. 3.'7 - U.37t
2 , 79''i - .,I ' -. 3 ? - .- ? I
1-;. / I -. 21E.C -. 4 , .7 '- .(,4

1 .'-.-l -1 ..)3 . -1 ... ..-< -2. 1C '
, .- 3'. -I - ' -1 .712

31' . : - .:1 P -i I 7 -. " - . 74' .:: , -F 13, - ,1 7 1 7,1 -1 .1 11

439 .,i1 -2 ;. W',"7,; '2.'.: . Ii 9

41,. 2,0 --. ,1 I 7,1

399 .,'.7 -". !C -9.4'2 .l2 P4

," .1 , - 17 - .1, " -. ""
:'.9."'i1.f '4 - ! ':7,"I: - . ' ;, _ - .,

7.'. 5,. 7 - . I . , - 776 -1.555
1'e.°.5".' I. ?R 1. 53 .- , _- ...

I i .)C,7F -. 9,11) - . 43 7 -. 713
2'.7,1 -.fal7, - .3 , -. - . "."
.';9. $7(S - .31/7 -. 3,4 - .,2' -3. ,

TEST S1:r:A ,Y
FULL :;C,.L ;l '-2 (1:ri/.FC) 5.1:

If~L ;)(,To,'? ( V/PEl/SiC ): - (;.,'.' Wi F -.

21'AS (U"LTS) -1 .473357 - 'P
,I,)T P7, ; ,; (V1 2 ;) : .- .1 -,F , .. .. ;(A .:g T F \11% ) "G 7 - '

:I'LL OFFSET "I\(C) -l.2,.'

T qT "" I':

TABLE 3.2.2-XV

49



T; ;R4. in.

.ir:' 7.2,r' .. .5.0P;.44=) 0 .

OUlT C.;".L*, '' i, ' *

(:q,; i/2LC) ( ;)rc t)

_q~1 .5275 r7/,51 •91 .. 7...

I(C7 .3 75 - . 7

-1 - ', . 75 " .7. ,

-_7 .,.C A5 3, . J735 1 • 5 -F l,'

- 1 . , 1To7?" 1 . " ''

..... .. , , ,,"I'1! 7 7r

I .. 1 7 1 7 !
-""'' '3," " 7.'. ' 9 731 ~ - C::,'- ] r
- L ?. : ' '3. 7o,' 5.751 - I 5 , 1...

- c I ,;cr - . 0" .[,

- 7 I .7 .

'5 1 .. ,5'2'7 7C I 7''-1". I; 1 0 1, 1 ."" .7" -1 'e,7

-. < .. .. 9, 7 ... r7; " -' 5
" " 7, , 'e' •... :: ... :3 7 7''7 .:" r ,

1-! ' .: , -. " 7 ' -.> ....'il -. 7_, ./, "

71 11(

' _i'7 "' -7' ' -. .
. 7 1 7 " -1 .5 1 7; - .,1

7 - . , -I V.," ., I .

" 1 . -' ' "  , 1 ,'?,7
.. /, - . -'.. .7'7 '7

-,.,,.r" . -5 ICC1' -3. 1 -. 7'1 '
"'"-C I": [l ,  C""" - . 7'>,

f.,,. ' ."' -" * ' " : - ',.' . " - I'' .-2
'7- o. -. ~i, . c ic -'"•,

* .' .,C-. 01 9 '  - 30 17. . -. ;'9 -'1

1 ,-,e .9,).-1 ........ 1 ,

1, . .' -1. -I .77 -l'3

1.' : 21 -o919:; -. o.'C)' -1 .'. /, -1"-'

TABLE 3.2.2-XVI
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'. . .T P,(:"2A NADC 80081-60

3-28-80 +Y R24 in.
.'i I.. ......

V ('IT , L".I(C , C.

.... ., 7 .2 C"2"," .2 ',eC1 .,% < -3 ,,.7

71 .,"3 .".5C . 2,,  -,.117
1' 7 .V,

- f- !< '"r I.1953 1 .,23 2 . "2 -Q., f'"

- , 1 . , . . ... - 1 . "
-3/9. 4 ,."139 F 2. 15 17 .5 1-.546q

-449. 1!2! 2.. 79r7 ..77.13 -.- 5
- 29.. . 3.1323 3.D72r' -I..,J7 1 .7
-'4' .13 2.792q 2.773 -, -,.4 1 7. 7-399 .,23 " 4 '3 .41 - .35 .,5

-,...77 1 1 .- ,9" .C .

-4 ".5:,. 1 .5l9 1 .533 .7' 1 11

-12."' <'.  I .1 '7 1..""7 .77z: 1
-14 ." .',2.3 r ! ."7 ,. 75

5,' 'i, 753
* 177 7" r"C IC;

i ' 7 .3.'7- .. '-, - '
"~ie "'7 -. y] -. " 7I - 7"

1- 1 "1 -'.' r

- ,.' , _ _._ _?T FT T 7 - r

11

7('71 .77': rr..- ' 7,. r - '557' /C 31551 -3. 1 I 1." .....

S."7 .

7: 7I ii 73 -IrcZ

171 - .1(l i -. 17 . - C

2' ''. 7 -1 .53' 5, 7 -. 77

".7,.,1 -. C1C,  -.C,.',,, -. . .. ', 7 X j r, -- r- 1 1, ,7; 7

f S T <I'.,, 'Y
" IL C;!.; .,: C 228/22.) .
2C3.L2 ,'.'Y:i2 C ( ' 22/22lCt): -c. ,* 'D"'.

I. ", ( 'il.T2 ) : -1.3 ', '.,- '2 I
''.',T,,: ..... I, Z2 A1 (VI;) : .55Icw - 

;,.
'(YT,:: 1."12, .2t 2h T28< (t rC ): I .ec'777-.. : h / ;•. !# .

TABLE 3.2.2-XVII
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PATE S..11SOR TEST PROGRAM1 NADC 80081-60

NA TE. 2.= ...... R u r. 'f.z. .,.

T F ftIP. 7. ° ...-10 Mi. . SE , A . . .. ... .

RATE V OUT V CALC F ES 7 I7A1,
(DE(I EC) ( VDC ) (WDC )

--- 1.9926 .. ' .2 95f .271 -P.70,5
-99. V:885 .5Fqf8 .352 .5-11 -2.7/:
-149. 47 .::923 .9161 .761 -2.5r!
- 19 9. i9 r I I19N, 1 .225 r 'r -. 19-1

-!I4S.5 o I .5,jf;9 1.535P . 4 -1 .69f
- "99S).A19 1 .811411 1 F'45' .075 1I. M !'
-349.321 2. 144:2. 2. 1552 .354 .5.37
-399 .2l25 ".47 2.4652 -. 154 .19:
-449.136 ., )9 .7752 - .2.2 .. ::
-A 9".993 3.1351 3.0849 -I.,39 I. 6413
-449.1 1 N .2 17 2.7756 - .r .935
-399.24 '.470, 2.4653 - .1 7:; .""

-,349.,2C 145S 2.155^ .3 i3 -. 433
-29 .4~1 1 .1;2G I .,455 .r?:! -1 .345
-149.55f! 1.5115 1.535, .774 -1.55
-199.6:'?f I .CI I 1.:257 .715 - .991
-149.7 8 .294 .915C .6 9 -2.325

-, 99. 9, ,C , ' .514 -P.57
-53 .'1 .228 .. S.. .1,55 -2..54-l!
49 .71 12 -.3141 -.3 2 -. 1 -3.17
99 .6, .' . -. (7159 - .r&36 -. 571 -2.fir!
149.5?1L - . : -. 9432 -. 762 -2.566

190.457 -1 .'; -1.2537 - .5377 -2.174
* 9 .36 -I .5375 -1 .5r37 -. r44 - .'8
2.99.86 -1 .;524 -I .737 -. f,4 -I .143
349. 95 -. 7 17 -. 1,3 -. 39
399 .319 -,'./197S -2.4933 .14-4 .12,/298 - .,.SF -, ....!"37 .23'I9 .9.)I4 4,9 .9[ 2 F. " -n" 33 .' fl
4 8.9.r1 -3.1 -3.113 f7 I.! 7 r.l2

4 4 . 3 - 2 . 3 0 - 2 . 8 3 . 6 4. 2q/d, ..3o - 13 oll ." 11; 4 ,i. ¢,

399.36, -2.499,q -2 .4.' 3 .25
3.9 .7 -. 74 -2.11;39 -. 295 -. 422

99.2. -1 .8551 -!.273F -. r -I .332
149.363 -1.540A -1.5,137 -. 751 -1.5/6

199.43- -1..294 -1.2535 -. 777 -1.947
149.569 -..9..4 -.943, - .9 -2.,, 3
99.6329 -.6 177 -.6334 -.537 -2.943
49.79I 3 -. 315, -. 324 - ..

TEST StIMARY

FULL SCALE RATE (DEG/2EC): 5,30
.,CALE FACTOR (V/DEG/SEC): -r.1l1 771-03

DIAS (VOLTS) : -1.47093E-'2
;:YSTERESIq, ;!JG RATES (VDC): -2.53034E-v1 3
IIYSTELSIS, POS RATES (VPC): 2l.f,, 6,7'F-"

IMILL OFFSET (VDC): -1.1 1-94E-3 "  
/

TEST ZP'PI '

t F+ ADY TABLE 3.2.2-XVIII
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itATiSE 2SOL2 TE'T P2OG'AN; NADC 80081-60

.......1-80 ,N *r, R-24.4 .i,
!,T,-.k .2..OZN ......T F C! P . ....0.72 ° .. : R ...........

I AT'. V OUT V CAL.C ,' IDEA1.

C( lit I/N.(; ) ( 'JC ) ( V\J.l

4, P-. !z. 313 0 ,1 r 1 .,3 .194 1 11. 5'

-99. .I -. ] 79 -. 01 .... I .C395 -;:.3I '
-1- .33? - . ,., .1 r ,. -3. 13-l C".9 - ~ o .. . lf...f,4 2 n .

-' i .' - 2.3 J3f ,I3 1 1 .24C -'. 31

- 99. ,49 -. 2? -. 31 . 99 -".237v ..31 .q,- 4 '

-3S9.7 - .323 -. 3 1 1 .534 -I .f1
-9! 9.43 -13.31 -. _J3 I I.,.:-3 -1.3.
-1499 .. i - .033, - . 34 - . 1-1 ."-4.',9).,, 7 -.0319 -J3 Nl I .M1 -I.1D 1

-"'30 . . .1 1.3 7 - .74

- 9 .,.'fl - ,..11 -. 3 ".' -3, 2.

1 .4,. - -- 33 . ,
c. 7 - . 24, - .324 - .X-4n,,, .99 48 1,H

-I 99.;C 7 ,* " 33 z - . ... -3 ,.1 I

-19.71 .3, 715 - ..3"k15 -1.537 5 .131
-99 ;,5. -. J1l117 - . ,, .  -.". 3 1-I,,, .

.910 1C .IIr -77
-349.91/ - .33l., - .33l) -;.3- *.9.77

• . 8 - ,13 . c 3 . Cs (- . , ,(Io

99. r:;," 1 -. 11 .3 3 :3. . :
cl :q. ;7 -..v3 - .J; 3 .'l7 - 1 :1

- .3 .1.3 771 - 9 ,". ,

,. .2.7. - .3 - 4 - , .17

. .-. -. 34 -2a-. .412
.... ,.,, - .334 - .33,4 -1 .7(, -,1.547

3-. , -4.,6 -. 5 -.175
399 .15,6 .),,lIN . ij1 1 .2r . 77

I '.9.13:7 .3385 - . 323 .,- 1 ,, 3. 1;'3.

v c:9(7 .006 (5 .03,15' 5 '4 .I ' . 79

,,98.1'.,I( -. 312]5 - .3133 -l.72 -1 .372

49.2';99 - .31:. - .r133 - .T1 - 7..27

TEST 2 tIINlA BY
,IJLI. .CAL;- ;AhT (7 .A/SE-): 532

ALI 5 A ".T0 (J/f 0/6C): 3 . Q (1.I-k5
1IAS (VOLTS) -I.a.)01:Fl-,3 .

91"ST .'1/ 1 C, 2-.011 T11 a VB ), 1 .9. 2 7K-.

IYqT,-2?I:2, J;-GS RATES (VPC): 2
MILL OFFSET (Vl)C): -1.3, ,2V-,;

T,-";T ;-1-11,;'2 € L #

2FtPlY TABLE 3.2.2-XIX
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,.ATi:2" • T ' : , NADC 80081-60

'I . . ... .. . p . .

TI . X kI ... 5;tl . . A
,'. V OU T v c~~t( P 1.7 c . "

(C::" ,C) C'.,,C) ( \'DL).

-5-. '( -, 157 -/."f I."1(

-'' *'1 7 )1 77 -- !]; -7/, 1o 7: 7 ..
-ljt - l° -. !P-? -"I.59 7.7W -

2.9 .47- - A ..i2 .. 044 - 1 .. 1,, I 7S-349.29 1 - . J2, I - .. 12c)1 .4.17 -. 5 ,1:^

-399.177 - 75 -. ;279 I.,I
-A49.,1 ,i - . 0.9 -. Jp'9r 3. . 71, -
- 4 ". I " .313 "z C
:7 42 1' *- .757 - -)PC

.,7.'7 -... 7-, -. 779 1 .:~ V 3' <

-1 7z - 6 I "I

..... ~~~~ 17 " - 1' - 171 ...-1)'. t
-. ;(' ". ¢ - .'; - - l,'2 7 - I. ...... ,'.7I -' 1.' .

4t ''' - .,I " .. , 17.. 1' " -!'' 'I ,

' 7 7

7, ., , 7_

-o ", I- .. 7 "I- "

-7 .1 7

.,I7 17" 7'

'" . - " 5I- :'71 1 7
: .1'3 , :., -. 1;,,.. 1 .I '? ,

'" -1 ! . .: , - ' I - - 1, ! " 1.7' "r -. -' -.1= 1.7, , I " 1

T, ST ",,:
V ,! 1 .' . ,; . . 2, T,. 1' ) , / */ , , 1 G .
.',;.t .';', . :. T "'l !1: ( '1C ) 3 .' ,.

, ,' .. ' 1, -. .. CC; •)-. .. . 7..!, I -1. / '1'"" .,"')0 11G ) r,. r 7- , . _, . ,

... lF4I: 7 l.'C - -..Y ;.. , ~ ~ ~ ~ ~ 71 -1~. .. , l ".

- A//

. IY TABLE 3.2.2-XX
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? ,AT ..... TEST PROn !Art NADC 80081-60

A 'TF V (WT V (;AL(. .t5* I,'i.M.

-1c'9.C31 -. A1I f3 -.,AI -,. ,4 7..A 7.

-7. C,:.7 - .32' - . lg -," 4
-  

. ;,- V7.' 7 - .3 . .

1,) -.3L 71 7' 3 1

, .3 '!.1 5 .... 17.... 5 ,.I 7

-1 9 9 .1 75 -..4.3 . -. 1 ' , 3 - --1A49 .,'. -. ,'22?5 - .J2 , q -Ii1 ,'I-A

A .- C, F,71)2" .-3 99,,'I 4 -.l 1 ~ ,-' - 1l/ :.~ -7 7

,,,,.' p, - ,,,CC- -~ ..!.: -. "32 7 .5 ", '"
1 ' 71, - -.- I141 - .'.1 11. 17

1 -49 .1 7 - 17.. c, 77r  1 - .q.j.'j

-5; - - . ' , -. 147 -. €, 7 .r r

7:" '.3 01, . , 114 -F 7 -3 ' !

I "'. * :'''  -. ,.7 - .-1 3 -4.22 -r..32
,. ........ -. P -) 747 -,. •

1' .27 - ., 1 - 7 1..' .,;,; r -.

. ,''.712 - .Th2 7l _ *"jc -C,..A .' ,'

*2(Wl " -.J13 ' -.. 2k45 -. '31 7 1". 3,

21 ~ ." 7S C f1T1 7 ' 13 E

T-S . )3 ,- . 7 1 "S,-,
3 9 .1 f, . ..: - ., .17', 7.,

;' S.3 ",,9 o- ,3 7 -. 1 71 .,Ar. .I

'YT I: 4 -..' P1 .5 "..S If' , -P 2.2 " -" . I'
Ill.) 111::4: (V)C - *y /I- : /

. ,7 - o-- '17' :71 -.0, I~l I.I .,I - , -, zI '.,",

4...~~ - j I3 -. AI:' J 7. 1 7 ' 1 7 1 .73.',':

:7CA[. FIlCTt,17 f 9/ll ,l h? 7z-, 1, 5 1 1)

fliIl A R ' (\flT ) : -5.) 7 5r3e",-.15
SY.' ,P.hS. I., P'.] AT[F., (VDIC): F.

","A Y TABLE 3.2.2-XXI
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NADC 80081-60

3.2.3 Data Evaluation

Using Table 3.2.2-XXII, the acceleration sensitivity of the "Superjet"
was calculated for the "Maximum Performance Escape System" scenario

The G-sensitive terms were reduced as follows:

(V-NO) (V-NO)
( SF )At Radius ( SF )Zero Arm Eq (5)

Gs = SC

where:

Gs = Acceleration Sensitivity (deg/sec/g)
V = Voltage Output Counterclockwise or Clockwise
NO - Null Offset
SF - Scale Factor at Zero or at Radius (volts/deg/sec)
G - Acceleration Level in Units of Gravity g (where g = 32.17 ft/sec 2)

The G-sensitivity was calculated and is compared with the manufacturer's
G-sensitivity data as shown in Table 3.2.3-I. The values obtained by Martin
Marietta represent the worst case for each individual axis. The manufacturer's
data was evaluated by accelerating the axes at 20.Og and positioning the
rate sensor on a rate table to be rate insensitive. This was done on a 4.0
inch arm at 2500 degrees/second clockwise and counterclockwise. The G-sensi-
tivity data was calculated as shown for rate insensitive orientations:

Vcw + Vccws - y C w = degrees/second/g Eq (6)G-2G(SF)

where:

Gs = G-sensitivity
Vcw - Voltage Output Clockwise
Vccw = Voltage Output Counterclockwise
G 20 g where g 32.174 ft/sec 2

SF - Scale Factor (nominally 0.006 v/degrees/second)
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NADC 80081-60

G-SENSITIVITY COMPARISON

AXIS ACCELERATED MMC MANUFACTURER

DEG/SEC/G G DEG/SEC/G G

X 1.33 1.184 g 0.13 20g

Y 1.68 1.18 4g 0.14 20g

Z 0.90 1.16 4g 0.02 20g

TABLE 3.2.3-1

It is questionable whether it is correct to calculate the C-sensitivity
term by averaging the clockwise and counterclockwise rate outputs, without
considering the rate outputs in the absence of acceleration, since these out-
puts are not necessarily equal to each other.

For tests that have the rate sensor input axis parallel to the rate
table axis of rotation, the rate sensor would gradually go into saturation
at rates above 500 deg/s so that the difference in output would strictly

be a matter of difference in saturation and not necessarily due to linear
acceleration

The G-sensitivity data for each direction and g level is shown in
Table 3.2.3-11 along with the manufacturers data. Included in the table
are sketches showing sensor orientations with respect to the acceleration
vector and centerline of the rate table. The sensor sketch shows the wires
and jet axis orientation. The arrow inside the block is the jet axis.

58

0-



NADC 80081-0

C-SENSITIVITY - D(:/SFC/,

AXIS 35 33 3
ACC'EL.ATED3 373 3I NOnT HAMIlTO STANDARI)

-~ ~ orv -0:1 -131 023

+Xcc. -0. 060 - 0l.326 7
E+l I ... ... ........ -, - .11-

4O.IQO -1.108 41.12 3

cw +0.090 - 40.646 4

S-. -0.291 -1.06 40.706

ccw -0.167 - 40.446 2

SC. -0.08q2 -1.011 +1.371 "1

ew -0.074 - +0. 75'3 4

cc. -0.416 -1.257 40.401 I

-0 -. 1 ?9 40.1s s 2
. . . . . . . . . . . 14

w -0.147 -1.563 +0.979 3I

cw -0.127 - 40.547 4

ccv -0.228 -1.683 +0.390 IFO

I jcI -0.217 - +0.2Rf 2
-Y . . . . . . . . . . . . .. . .14

cw 40.046 -1.275 41.706 13 ,

cv +0.07% - 40.692

cew +-0.902 40.605 40.659

+; . . . . . . . .. -- _ _ I -o-- - -

-c ,0. 705 #0.814 40.1,20 7 (2

0 .1 ,92 40.471 4o.271 8

Cw 40.791 -0.40 #0.4Q q

cv - 40.210 40.201 60.21.q 10

-Z .[. . 4 .7.; 0

4n .%om 40. 702 f 0. 42 2 I I

ew +0.242 40.144 .0.1fi4 12

Not ege:

I) 250*/n. 1.114 5 5) 250*/., 1.1641 X 1) 2'0*1.,. 1.01037 .
2) 500*/0, 4.736 g 6) %00*/. 4657 i 10) SO* /., A.8ll 8

3) 250/*.. 1.184 m 7) 210/I., 1.645 R II) 240"I*. 1.2017 p

4) S00/'I. 4.736 8 t) 500*/. 4.647 8 12) %00 / . 4.A149

TA 8I1,. 3.2!. 1-1 1
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NADC 80081-60

3.3 High Temperature Sensitivity

3.3.1 Test Setup and Procedure

The test setup for the +165 0F +50F temperature sensitivity environment is
the same as the baseline test setup except for the addition of heat.

A thermistor was mounted under one of the rate 
sensor mounting screws.

A portable environmental chamber was mounted over the 8"X8"X8" test cube on
the Genisco 1100-2 rate table. The heating coils located on the test cube
were then connected to a temperature controller located in the rate table
controller test console. After temperature equalization and soaking for 45
minutes minimum, the tests were run.

The temperature was monitored and controlled continuously throughout
the test. A test schematic is shown in Figure C.3-1 of Appendix A, Part C.

The procedure is outlined in Appendix A Part C of this report. There

were no deviations from the test plan.

3.3.2 Test Results

The test results are presented in the same form as the baseline test.
The scale factor test program results are shown in Tables 3.3.2-1 through
3.3.2-X. Tables 3.3.2-XI through3.3.2-XIII show the output drift charac-
teristics at different rates. The null offset measurement was added to the
printout to monitor variations from setup to setup and day to day. From
Table 3.3.2-1, a plot was made to show typically the high temperature effect
on the output vs. input. This is shown in Figure 3.3.2-1 for S/N 355 and
can be compared to the baseline data at room temperature recorded in Figure
3.1.2-I.

Readytime, threshold, and resolution were measured in the same manner
as the baseline test.

3.3.3 Data Evaluation

The high temperature (+1650F +50F) sensitivity data for the 3 Superjet
rate sensors tested produce the following worst case evaluation:

1. Full Scale Rate at +2% Linearity Error 625 + 75 deg/sec
2. Scale Factor .0062 +.0002 V/deg/sec
3. Bias +3.24 deg/sec
4. Hysteresis +.25 deg/sec
5. Threshold <.1 deg/sec
6. Resolution <.I deg/sec
7. Readytime .068 sec maximum
8. Drift +.36 deg/sec/min maximum

A breakdown of tests data for each serial number is shown in Tables
3.3.3-I and 3.3.3-11.
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NADC 80081-60

It is evident that the high temperature increases the full scale rate
at +2% linearity and null bias appreciably. This is due to the fact that
the Superjet sensors tested are not temperature compensated above +145 0 F.
Readytime increased slightly but is well within the 0.100 second require-

ment.
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RATZ SEIS(i, TEST PROG:AF NADC 80081-60

9ATE * 3-12-80 RLIN... HOT iDAT . .. .. .oeoeeeRIM o e .... .

TE Ill' Ml.......EP. IR o o......

, AT, EoiT V C(IA.C FE IDEA.
(DEG/22S) (7 G .G) FIIC)

-49 54' .3o 9 .3111 .3 -3 . 1c,

... .... 598 5 .C145 .5,"6 -2 .Q
-1 S.773 .,,71 .91 1 .C9,1 -2.3J r
199. o7 li 1 .19Ml 1 .,7, F, S -I .9 77

-' . 7 1 . .53 . 1 255 .756 -1.514
-;199.lf12 1.812 1.82093 .6AQ -I.31 r
-342.51 f. 123c, 2.13,r .3l -.43
-39F.96 ,'.4,413 2.4355 -. 1!1 .239

A - 9. 4,.12 2. 76'9 2. 74., - l j .. .

-49 .::.5 3. J94, 3 .J433 -1 C 7f' I .675
-4l9.3C7 2.765 2.7/ - .24 7 .943
-399.36 2.44,21 2.4559 - .5!2 .153
-349.5 7 ;:.1241 2.1332 .3 2 - .432
-n!99.5C5 1 .2113 I .f9 .5I3 - .973
-,"' )9.63 1.523 1.'5256 .7112 -1.42'6
-199.751 1.19:227 1.2,21 .765 -1 .91, 6
-1 9. 759 .977 .912 .7 -2.231-
-99 .F-4 ." .5991 .6151 .525 -2,.2 l f
-49.9 ,,f7 , .30 1, .31 13 .3,1 -3. -) r

. ... 5l'1 -1 4• :9 ....53 - .2299 -. 252 -. 9i 1.4

99.75 C9 -. 5.C-; -. 5q93 -. 4 , -,.134
I A9.664 - .rlc - .912f -.597 - I .9q6
1 9.574 -1.149 -1 .. 63 -. 7J5 -1. 769
24.55! -I.4,225 -1.51.3 -. 71C -1.435
299. 95 -1.7956 -1.214 -. 622 -1.226

3 .3), -2.11li -2 .1 172 -. 342 2 i
399. 151 -22r -,.4,n2 .266 .23
449.,34 -,.74 -.1 - . 724. .38, .711
/4990 132 -3.07.4 -3 .2," 1.393 1.385

I'l9. -  -2.7447 -2o.7249 .65, .7'r

399 .24r -2.4234 - 2.4,26 .091 .114
349.354 -,02. 1 7o -2.1172 -.314 -. 449
-98 .I4',i -1 .7963 -1 .,)137 -. 57 -. 95P
-49.576 -1 .4295 -1.5124 -. 66 -1.374
199 .6C, -1 19C1 -1.27 -. ,q -1 .72
149.738 -. 8857 -. 9033 -. 579 -I .932
99..,;) ; -. 587r -. 5996 -. 393 -I. ,r

49.8648 - .26I p9 - .2959 -. 165 -1 .6,51

TEST SUMMARY
FULL SCALE RATE (DEG/SEC): 500

SCALF FACTOR (V/DEG/SEC) : - r.2",1 2E-23
l31AS (VOLTS) : 7.32315F-.'3

IIYSTEREIS, JFY,; RATES (VI)C): - .,217.% 1-/ , / F0/ 4
I YSTERESIS, PO RATES (VDC): I .263 W-.5 /

:ULL OFFSET (VDC): r.4.382-23 /"I;F'

TI-lT E!'rI 177

.?EADY TABLE 3.3.2-I -
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RATE CLCUSUR 1EST PROGRAM NADC 80081-60

DATE .3-80 ..U1.. HO~0TOATZ .. .P...... .. o .......

TEMP .... , ......... S ER . .....

' ATE V OUT V CALC . FS IDEAL
(DEG/SEC) (VDC) Ct/DC)

-5, ,J66 .2978 .301-,I .311 -3.419
-99,917 .5903 .6094 .57P -3 .I
-t49.051 .8849 .9109 •7P2 -2.27

- 199. 7(i6 1.1I19 1.2122 .913 -2.515
-?4P.732 I. 4e,21 1.5132 .955
-129.56 1.7,69 1.8146 .935 -1.534
-349 .5r3 ..095 2.1165 .637-39, .4, ( ".4J91 2.417C, .256; -.353 i

-49 $.355 3.•0543 3. o0It" VI)09 I .1 l1
-54D.314 3 .3,4,,9 3.32n45 -1 .8f,)1 1 ,,3Pti

-49D .2 3.055 3.0203 -1 ..,414 1.151
-449.329 2. 738; 2.7192 -.35 .42,
-399.451 2.411 C 2.4177 .194 -..53
-3491524" 2.0975 2.1164 .5W9 -.q95
-,.99.573 1 .7,; 1.'147 .775 41.49A
-249.7J5 1.4842, 1.5137 fi7 -1.915
-199 692 1. I3C-4 121J .P -F.91

149. 157 - .915'78 . .67 W.)5
, ~-99 .9!24 .9 .6095 .50D -?. Z

4- 5 6 ... .. C ,.91

F9. 777" - -57, -. 52 -2p. 275
149.2 .I - .;739 - .1921 -. ,
199. ,," -1.171;: -1.1991 -, T -51.3)5
2,99.51 -1.4"77A -1 .50,.1 -.:73 -1 925

-;9.5S7 -I..0779 -1. 1139 -. 132 - .49',

395.4 3 -,.395( -2.435 - ,,3 -
4-49.36" -2.7135 -2.7.66 .,17 f,
499 .2 7 -3.13 73 -3..),7C .99 r
549.197 -3.3C592 -3 .339 1.71 1.712
-499.1P3 -3. 32 -3..:,374 . .4.I
•,.... -2..715 -2.7061 .P.,9 .37q
399.452 -2.3971 -2.4A53 - .245 - .337
349.46I -2.0f;4p -. 1035 -. 564 -. f2OF.
^99.4S3 -1.777 -1.P,17 -.74r, -I.37
949.608 -1.4717 -1.50c) -.n.i3 -1 .7).
199.637 -1.1735 -1.199 -.765 -2.11",
149.759 -.P763 -.9979 -.r5 -2.397
99.7399 -.5811 -.5959 -.445 -1..453
49.9074 - .2S74 -.2!5 1 -.23 -2.535

TLST SMIIARY
FULL ,CALZ IATE (DEG/SEG): 550

SCALE FACTO;? (V/DE6/SEC): -,.3694E-3
BIAS (VOLTS) : 6.2171)E- 3

HYSTE-F7,S, 1~GRATES (IJDC): - P. " r03 I-13
MYSTERESIS, POS HATES (K'): 2,3n9,5V-43

NU1L. OFFSET (VD)C): C,422.7 3 P, ,7E -.3

TABLE 3.3.2-11 T[2T

63



RAT.JEI1SUP TEST PROGRA( ,

DATE... ..... RUN...HOT ....... NADC 80081-60
p . .. F Epl# .355

TE P. .................

RATE V OUT V CALC , FS . IDEAL
(DEG/SEC) (VDC) (VDC)

-49.979 .301 .3139 .352 -4.222
-99.9313 .5962 .6193 .63 -3.7F
-149.905 .8935 .9248 .952 -3.411
-199.761 1.1923 1.2295 1.002 -3.009
-249.671 1.4959 1.5346 1.058 -2.541

* -299.582 1.8024 1.8397 1.1lEl -2.039
-349.551 2.1141 2.1452 .848 -1.456
-399.519 2.4305 2.4507 .549 -.825
-449.387 2.7528 2.7555 .073 -. 093
-499.353 3.0 807 3.0609 -.539 .647
-549.27 3.41375 3.36614 -1.298 1.418
-599.226 3.75133 3.67152 -2.176 2.179
-549.275 3.41371 3.36617 -1.296 1.416
-499.329 3.0809 3.0608 -.548 .658
-449.445 2.7535 2.7559 .065 -.36
-399.516 2.4314 2.4506 .525 -.78
-349.56 2.115 2.1453 .826 -1.417
-299.597 1.8033 1.8393 .995 -1.994
-249.724 1.4966 1.535 1.046 -2.512
-199.758 1.1936 1.2295 .979 -2.94
-149.832 .8942 .9243 .821 -3.287
-99.9048 .597! .6191 .602 -3.614
-50.0005 .3015 .3141 .344 -4.125
49.8772 -.2882 -.2965 -.226 -2.714
99.7399 -.5835 -.6013 -.485 -2.9!9
149.718 -.8804 -.9068 -.72 -2.986

* 199.638 -1.1794 -1.212 -. 898 -2.668
249.552 -1.4817 -1.5171 -.966 -2.322
299.52 -1.7872 -1.8225 -.964 -1.931
349.468 -2.0971 -2.1279 -.939 -1.44
399.285 -2.4114 -2.4324 -.572 -.13
449.256 -2.7314 -2.7379 -. 175 -.234
499.165 -3.0566 -3.043 .372 .447
549.182 -3.38697 -3.34867 1.044 1.141
599.127 -3.72146 -3.65399 1.84 1.842
549.18 -3.38791 -3.34866 1.068 1.166
499.292 -3.0574 -3.0437 .373 .44S
449.332 -2.7324 -2. 7383 -.163 -.217
399.391 -2.4125 -2.4331 -.562 -.844
349.545 -2.0981 -2.1283 -.823 -1.413
299.51 -1.7885 -1.8225 -.926 -1.856
249.599 -1.4833 -1.5174 -.931 -2.237
199.687 -1.1811 -1.2123 -.85 -2.553
149.786 -.8821 -.9072 -.686 -2.747
99,767 -.5849 -.6015 -.451 -2.71
49.8976 -.2894 -.2966 -.196 -2.361

TEST SUMMARY
FULL SCALE RATE (DEG/SEC): 600
SCALE FACTOR (V/DEG/SEC): -6.11297E-03

BIAS (VOLTS) : 0.41062E-03
HYSTERESIS, EG RATES (VDC): -9.17435E-04
HYSTERESIS. POS RATES (VPC): 1.69754E-03 .'/

NULL OFF1'ET (v-DC): 6.63767E-03 /
TABLE 3.3.2-II1 TEST . .. ''
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RATE S.'MSOR TEST PROGRAt' NADC 80081-60

1)ATE. ...... U v... Q1 ......

TEMP. . ....... SE R#... ......

RATE V OUT V CALC . FS I DEAL
(DE G/SFC) (VDC) (VDC)

-49.,9,,7 .32,8 .332 .392 -3.1-12
-99.,%15 .C401 .6556 .612 -2.453

* -149.734 .9549 .9735 .73 -1.949

-199.575 1 .2735 1.290, .61 -1 .3 r5
-249.431 1.5967 1.608,2 .452 -. 725
-299.397 1.9253 1.9262 .037 -. 049
-349.253 P.2598 2.243 6 - .635 .727
-399.125 2.6 2.5C611 -1.59 1.53en
-349.21S 2.2604 2.2434 - .666 .7(Z
-299.326 1 .9258 1 .925, 9
-249.456 1 .5973 1 .64f,3 .4,5 -.697
-199.556 1.274 1.2907 .654 -1.31
-149.759 .9557 .9737 .706 -I .,:F5
-99.81I .6407 .6557 .5 R9 -2.36
-49.9443 .3 2 S, .33S3 .3F7 -3.1
49.88302 -. 2935 -. 2972 -. 146 -1.16 9

* 99.7518 -.6 4 -,6147 -.39 -1.5G3
149.593 -. 9116 -. 932 -.525 -1.404
199.557 -1 .234P -1.25 -. 597 -1.197
249.42 -1 .555' -1.56,75 -. 48 -. 77
299.275 -1.S799 -J .,;24, -. 193 - .,2n5 F,
349.19 -2.21(9 -2.2i26 .28, .3 2
398.967 -2.,5455 -,.5194 1 .023 1. Z"r
3 149..' -2.21 5 -2.2325 .312 .357
299.271 -1 .JWO7 -1.9847 -. 1l1I -. 215
049.439 -1 .5561 -1 .56 7f -. 449 -. 721
199.574 -1.?359 -1.2501 -. 561 -1.124
149.672 -. 9196 -. 9325 -. 505 -1.35
99.7619 -. ,059 -. 6147 -. 347 -1.395
49.C74, -. 2944 -. 2972 -. 11 -. 8"

TEST SUMIM1ARY
FrILL SCAL7 RATE (PEG/SEC): 40.

SCALE FACTOR (V/DlCG/SEC): -6.365,7E-03
3IAS (VOLTS) : 2.03222E-02

):YSTZRESIS, lEO RATES (VDC): -7.75695E-04
PYSTERESIS, POS RATES (VDC): 1.12939E-03 /

ijULL OFFSET (VDC): 1.76;74E-0' /

TEST 1ENG1 N1E V

2!EADY

TABLE 3.3.2-IV
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RATE S1,.,0P TEST PROCRAM NADC 80081-60
DATE . ....13.0 lt* HOT

To. ..........

TEN P••... o. ....... SE R# ... MV ......

RATE V OUT V CALC .7S z IDLEAl.
( DEG,/SE G) ( VDC ( VDC)

-49.944 .32G7 .34"24 .492 -. • p
-99.79fl .6s .6024 .76,1 -3813
-149.67,; .9523 . 825 .941 -3.142
-199.527 1.27 1 .30A4 1.;8 -2.52P
-249.477 1.592, 1.69 19 .914 -1...9 3
-'!99.373 1 .9 2 C .9432 .7xi -1.175
-349.252 2.2545 .2 63 2 .27? -.389
-399.145 2.5944 .5834 - .34,3 .43
-449., b~ 2.9395 ... 9036 -1 .12 1 .247
-498.967 3.,q 7 1 3 .224 -1.967 1.971

-4 . 2 ,. 9399 11.9035 -I.133 1 _,162 .

-399.157 .552 2.5835 - .365 .45 J
-349.263 2.256 2.1133 .22f - .3C,

-29..27 1 922 1.9425 .637.64
-249.'92 1 .5942 1.623 .999 -1.8'.

-199.517 1.2717 1.3.,3 .954 -2.39
-149. 7J .538 ...... 7 .9 -3 .,J;)5
-99 .8J,6 .639. .624 .719 3 . 01

..... "1 . C276 .3423 .46 -4 .3V
49.'"46 - .,33. -9.,,"2 - .154 -1.539
99 .097C -. 6.35 -. 6179 -. 435 -2. .2
1'.615 - .91r,9 -. 93.. -. rC5 -2.22,
199.471 -1 .::3," -. 25 2 -4Y2 -2 .:11
249 .41 -1 .552 -1 .5"72c -. 2., -1.661

299.3 -1 .7, -. . -.713 -1.191
3 .2,6 -2.2355 -1.2195 -.437 -. 62,
399.J4 -,I.54 -2.539 *234 .042
4421.979 - 6.8 "3) -:.P594 .F;45 .71p

2 .22 -3.2239 -3. 1 793 1 .39 .393

446.93 -2. 2.5 1 .r78 .755
399 .d1 -2.5412 -2.539 .7 .:73,'9.•143 -,, -7 2.12 .7 - .52

2p99.3 1 -I.R772 -1.,929 -. 672 -. 129
2 .1).o412 - 1.553 -1 .5787 -. 7f1 - 1.5r7
1 991 ."1 - 1.2338 -1.205,5 -. 772 -1.I3
1'49 . -t7 -. 912 -. 93-,4 -. 631 -,.I
9!.75"5 - .6.5, -. 6 83 - .4n -2..7,5
49.264 -. !94 -. 2981 -. 122 -I .X85

TEST SIUNfARY
FUILL SCALE PATE (I)E/SEC): 50.1

SCM.t VACTOR (V/DEG/SEC) -6.41750f.'-03
1IAAS (VOLTS) : 2.191Fr-, 2

IY.,TEPESIs, ULr3 RATES (VPC): -. 001,f-3
IWYSTEPESI, P02 RATES (VC): I .56927,-053

MILL OFFSET (VIJC): 01 ,94 /
T ES, N r IJr-~ t L1 i Iq

F A DY TABLE - 3.3.2-V
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RATE SZ,,SOR TEST PROGRAtM NADC 80081-60

DATE.. hl3-.8P...... t tIj. . . . qT. ......

TEMP. .tM5.1 ....... SER#... .3Z. ......

RATE V OUT V CALC Z FS % IDEAL

(PG/SEC) (VDC) (VDC)

-49.912 .367,4 .3446 .513 -5.G52
-99. 799: .6377 .6664 . w C -4.45 7
-149. 63", .9523 .9979 1 .3.13 -3 .CR5
-199.566 1 .2c92 1.31 1 .132 -3.1"1
-249.... 1.5925 1.6316 1.1.31 -2.42
-299.331 1.9205 1.9535 .93 -1.732'
-349.267 2.,2545 2.2756 .594 -. 935
-399.116 2.59412 2.5972 .0f,3 -.114
-449.094 2.9392 2.9195 -.555 . C79
-499.956 3 .28703 3.2412 -1.291 1.423
-54. 769 3.63494 3.56255 -2. 4 2,145
-49I.k,'4 3.28789 .3 .2434 -1.33, 1 .473
-44'.90( ' .9433 2.91F3 - .610 .757
-399.115 2.595C 2.5972 .43 -. 059
-349 .226 f .'5 6 2.2753 .547 - .,r6, I
-299.f.99 1 .9,19 1.9533 . f,', -I .6 ....
-249. 492 1 .5942 1 .32 I ./67 -2.351
-19).543 1 .20715 1.30.9. 1 .Yv -2. 97,2
-149.6 49 . 53, .92., .97 -3.5r5

.0 5 2 .63! .6 r (6C .77r) - 4.27U
-49.92.' .3['73 .3447 .119 -5.39,
49.0697 -. 2P32 -. 299 -. 163 -1.,,2
99.72 -(.6.141 -. 6236 -. 467 -2.57,
149.5 -N.91 7 -. 94-, -. 711 -2.613
199.466 -1 .2.327 -1.264 -... -2.43.
24 .41 -1 .5524 -1 .5862 -. 952 -2.. 99
299 .297 -l.'764 -1.938 -.F29 -I. r34

49 .23 7 -'.205 , -2 .2331 -.691 -1 .309
398, .9 79 -2. 5430 -2.55,39 -. 29 -. 4
4 ,, .. -2 9 -2.737 .1. .24C
'9f0.07 -3.2245 -3.1I 53 .023 .937
54S.775 -3.56964 -3.51716 1 .479 1.4 ,' , ,

49.811 -3.,22 5 3 -3.1949 .P56 .944
44-.95 -2.Sf,! ; -n.'733 .233..,6
399.04, -2.542 -2.5514 -. 65 - .3r
349.17 -'.207' -2.2297 -. 633 -. 997
2.99 .25 -1.F777 -1.9079 -. '51 -!.5 64
.49.40',; -1.5539 -1 .5r6! -. 91 -2 .03r
199.532 -1.2343 -1.2644 -. 949 -2.34
149.5C1 -. 9186 -.9422 - .Cr5 -2.447
99.6706 -.C054 - .6203 -.410 --. 3 19
19.P513 -.2941 -. 29p9 -. 13C -1.49.1

TEST S IIARY
FULL fCA.E R ATI (DEG/SEG): 550

OCALE FACTOR (V/DEG/SEC): -6.450 3-E-,03
3IAS (VOLTS) 2.2r5 0 ,..-,,.

IIYSTERESIS, (1'7. RATES (VOC): -1 .r,777E-33
HYSTERESIS, PUS PATES (VC): I.627!-E-03 /0/ .

!.ULI. OFFSET (VDC): 1.6747-; . . /

TABLE 3.3.2-Vt TEST I......
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RATE SENSOR TEST PROGRAM NADC 80081-60

D)ATE . .!-2-80 P, .. p HOT

TEMP. F. ....... .R# ....

RATE V OUT V CALC . FS 1 IDEAL
(DEG/SEC) (VDC) (VDC)

-49.9M'2 .2.801 .041 2.647
-9s).9464 .5811 .596 1 .441 .4:9
-149.9 .841 .9.J44 .599 -P.197
-199.74" 1.187 1 .2117 .6p - 1 .573
-249.732 1.4966 1.52 .c9 -1.52
-2:99.597 .8T~~8 1.8275 .581 -. 67
-349.546 2.1225 2.1355 .32 -.6;O
-399.516 2.4405 2.443 .,92 -.127
-449.434 2.7614 2.7514 -.296 .362
-499.3C3 3.0,330, 3.0593 - .72 .795
-549.294 3.40551 3.3 6 724 -1. 12f2 1.13
-499.29, 3.0943 3.-529 -.751 .P27
-449.335 2.7623 2.7511 -. 33 .434
-399.419 2.4415 .. 443 .045 - .3r
-3.49.505 2. 1237 2.1352 .34 -.53 r
-9il . i 1, .,I I ....P 7G . 5 ,", -1 jl13

-249.73 1.4979 1 .52 .652 -1.43r,
-199.793 1.1(9' 1.212 .650
-149.88C .22;51 .91113 .566 -2.27'
_-9, 9.. M827 .592 .59(6 .41 -2.2,;
-50.0052 .,.37 .2f84 . , .5 0 ,
•.9.92i9 - .32 0,R - .3 2 7,' - .P; - P. 27r
99.7941 - 6 -. 353 -. 39 -2.15
149.713 -.925 -.9431 -.53G -I.g68
199. G72 -1 .2299 -1 .: 51,2 -.62 -1.729
249.63C -1.5374 -1.5591 -.614 -1.411
,99...a.59 -1.,;478 -1. 6 65 -. 553 -I.317
349.391 -1. 1 615 -2.1 745 -.32 -. C,32
399 .3 7 -2 .4 9,'27 -.132 -. 12
449.39 -. 791 -,.79 11 .2,0 .255
499.246 -3.1191 -3 .('5 .607 .r69
549.204 -3.43956 -3 .47662 .971 .973
499.193 -3.1196 -3.92 .6r33 .,9,
449.'23 r -2.799 -2.7901 .2r, .319
,399.37 -2.4794 -2.4 22 -. 4 -.11'
3'9.4 6 -2.16: '.7 -2.175 -.363 -.572
299.501 -1.849 -1.86oc -.525 - .964
211.616t -1.5307 -1.5592 -.6.5 -1.333
199.671 -1 .2312 -1 .2512 -.9)9 -1.62,
149.669 -.9263 -.9421 -. 427 -1.79
99.7602 -.6236 -.635 1 -.339 -1 .,q86
49.P565 -.3223 -.3174 -.149 -I .C4r

TEST SUI'ARY
FULL SCALE RATE (DEG/SEC): 550
SCALE FACTOR (V/DEG/SEC): -C.Ir6,36,E-,3

BIAS (VOLTS) : -l.99573E-J2
HIYSTERESIS, NEG RATES (VDC): -I .07745E-33 .

IYSTERESIS, POS RATES (VDC): I .54114E-3, 7/ ,5
IIILL OFFSET (VDC): -I . 912:-,2 /( PE /

TABLE 3.3.2-VII TS8T EfnI(IIE1:R ... ....
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RATE S-SO: TEST POGRA

DATE . J A2.4 ...... RU ... HOT .....HOT
TEM..1.FoSR. 381* NADC 80081-60TEMP. .. ME....... SER# . .. .11......

RATE V OUT V CALC Z FS % IDEAL
(DEG/SEC) (VDC) (VDC)

-50 .281 .2894 .251 -3.315
-99.8845 .5837 .5978 .46 -2.765
-149.798 .834 .9063 .618 -2.475
-199.752 1.1881 1.2151 .727 -2.183
-249.697 1.4964 1.5238 .74 -1.779
-299.566 1.8076 1.8321 .661 -1.3^4
-349.583 2.122 2.1413 .519 -.891
-399.45 2.4397 2.4495 .263 - .396
-449.389 2.7608 2.7582 -.07 .093
-499.294 3.0835 3.0667 -.455 .546
-549.255 3.40516 3.37555 -.798 .872
-599.167 3.72361 3.6G408 -1.066 1.067
-549.363 3.40573 3.37622 -.799 .869
-499.307 3.0841 3.0668 -.468 .562
-449.411 2.7616 2.753 -.08 .118
-399.505 2.4408 2.4498 .243 -.365
-349.594 2.123 2.1413 .494 -.848
-299.632 168081 1.8323 .653 -1.308
-049.702 1,4971 1 .5238 .722 -1.735
-199.79 1.1892 1.2153 .731s -2.119
-149.788 .8843 .9062 .592 -2.372
-99.8997 .5616 .5979 .437 -2. 625
-49.9899 .2835 .2893 .239 -2.868
49.8533 -.32 0 -.3278 -.IP9 -2.27'
99.7957 -.6218 -.636S5 -.398 -2.394
149.739 -.9245 -.9452 -.558 -2.237
199.579 -1.2294 -1.0533 -.646 -1.942
249.59f; - 1 .5369 -1 .5625 -.691 -1.961
299.542 -1.847 -1.S712 -.654 -1.31
349.459 -2.1607 -2.1799 -.516 -.886
399.334 -2.4777 -2.4r81 -.279 -.419
449.26 -2.7973 -2.7907 .317 .33
499.221 -3.1133 -3.1055 .343 .413
549.173 -3.43181 -3.4142 .602 .7.3
599.127 -3,75621 -3.72305 .994 ."95
549.212 -3.43951 -3.4145 .674 .737
499.286 -3.1191 -3.IZ59 .354 .425
449.42 -2.7981 -2.7977 .011 .15
399.396 -2.47C6 -2.4895 -.265 -. 3,9P
349.479 -2.1621 -2.1799 -.491 -.82r
Z99.476 -1.8483 -1.878 -.60F, -1.21s
249.574 -1.5382 -1.5624 -.653 -1.569
199.645 - 1.2309 -1.2537 -. 616S -1.851
149.649 -.9264 -.9447 -.493 -1.977
99.7484 -. 6237 -.6362 -.33r -2.Z33
49.8944 -.3223 -.3281 -.155 -1.859

TEST SUMMARY
FULL SCALE RATE (DEG/SEC): 6003

SCALE FACTOR V/DEG/SEC): -. 1 139-03
BIAS (VOLTS) : -1.g0305E-op

HYSTERESIS, '.EG RATES (VDC): -1.13579E-3
HYSTERESIS._POS RATES (VDC): 1.93797E-03 /

-ULL OFFSET (VDC): -1.9336E-0 /
TABLE 3.3.2-VIII TEST 2tGINEERf, ...-.
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NADC 80081-60

RATE SENSOR TEST PROGRAM

DATE.- - ...... RUN....PJ .......

TEMP... . 0 ....... SER# ... W .......

RATE V OUT V CALC Z FS t IDEAL
(DEG/SEC) (VDC) (VDC)

:49.9743 .2793 .2895 .252 -3.27.
-99.9149 .5802 .5989 .465 -3.024
-149 78 ."73 .9O78 .617 -2.679
-199.758 1.1875 1.2174 .744 -2.421
-249.675 1.4953 1.5267 .78 -2.331
-299.619 1.8061 I.861 .744 -1.613
-349.522 2.121 2.1452 .602 -1.12
-399.482 2.4393 2.4547 .384 -. 625
-449.482 2.7603 2.7645 .103 -.15
-499.326 3.0826 3.0733 -.232 .32"
-549.319 3.40475 3.38307 -. 538 .637
-599.096 3.72346 3.69145 -.795 .863
-649.15 4.03508 4.03154 -. 933 .834

-599208 3.72403 3.69214 -. 792 .359
-549.257 3.40568 3.38269 - .571 .676
-499.368 3.-839 S.0736 -. 257 .335
-449.423 2.7614 1.7641 .O6s -.098
-399.466 2.4407 2.4547 .347 -.564
-349 .514 2.1225 2.1452 .564 -1.05
-299.592 1.8078 1.8359 .699 -1.517
-249.724 1.4968 1.527 .75 -1.952
-199.725 1.1889 1.2172 .703 -2.289
-149.915 .8842 .9086 .606 -2.629

-99.9166 .5812 .5989 .438 -2. S5,f
-5a.3181 ... 799 .2897 .244 -3. 171
49.X755 -.3214 -.J291 -.192 -2. 527
99.89025 -. 6224 - .6384 -.398 -2.595
149.659 -.9254 -. 9473 -. 545 -2.366
199.687 -1.23 -1.2572 -.677 -2.234
249.571 -1.5374 -1 .563 -. 717 -1.86
299.515 -1.8475 -1 ,'757 -. 701 -1.521
349.429 -2.1614 -2.1849 -.584 -I.387
399.464 -2.4782 -2.4949 -.414 -.. 7

449.356 -2.7979 -2.934 -. 15 -.217
499.253 -3.1192 -3.1131 .151 .197
549.122 -3.44018 -3.422 .452 .534
599.139 -3.75765 -3.73186 .64 .695
648.975 -4..69.33 -4.0406 1 .73f .707
599.104 -3.75r61 -3.73164 .67 .727
549.239 -3.44123 -3.42,53 .464 .549
499.3 -3.1206 -3.1134 .IS .234
449.33A -2.7997 -2. 838 -. 104 -. 15
399.342 -2.48 -2.4941 -.351 -.571
349.463 -2.1632 -2.185 1 -.544 -1.211
-99.547 -1.8494 -1.8759 -.657 -1.427
249.574 -1.5393 -1 .5663 -.67 -1.744
199.6p -1.2318 -1.2568 -.62 -.(1;p
149.797 -. 9272 -. 9481 -.5P -2.258
99.84,48 -.6243 -. 6387 -. 357 -.^.324
49.8912 -.3229 -.3292 -. 156 -2.337

TEST SIUM,'lARy
FULL SCALE RATE (tIEG/IEC); 653

SCALE FACTOR CV/DEG/SEC), -6.19521E-AS
M1AS (VOLTS) -2.3126PE-,n

HYSTERESIS, )EG RATFS (VOC): -I.F220E-43 ,
HYSTERESIS, P05 RAT Z4 (VDC): I .94f74CE.03 /

1ULL OFFSET (VDC): -I .936,19E-02 I

TEST ElIGiEER

TABLE 3.3.2-IX
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RATE SENSOR TEST PROGAr" NADC 80081-60

D)ATE. 3-12-80 RUj .... .OT.

TEMIP. 1640 F SP#..381T IP .. °......... SFR .. 8.......

RATE V OUT V CALC F FS 2 IDEAL
(IEU/SEC) (VI)C) (VDC)

-99.8895 .*579 F .3019 .511 -3.571-
-199.749 1.1966 1 .2193 .756 - 2. C5
-299.575 1 .f'042 1.8364 .744 -1.73q

* -399.5.J'? 2.436!1 ,.4542 .413 723
-499..!G 3.0795 3.071 -. 198 .277
-599.19P 3.72) 75 3.6Vf;,Y4 -. 737 .gl
-699.0r9 4.3339 4.30632 -. Q.35 .Q36
-599.14S 3.72154 3.6;8857 -.7C2 .,2
-499.351 3.,vJ87 3 .0715 -.213 .299
-399.4G 2.43 77 2.454 .377 -.66r
-299.57P 1.8055 1.8365 .71r -1.,74
-199.756 1 .17' 1.2193 .743 -2.60.
- 99.8,90.r .5804 .J19 .49c -3.476
99. 1245 -. "205 -.6328 -.214 -1.9
199.63S -1.2.6R -1.2499 -.533 -1.27
299.5,7 -1 ii432 -1,-r74 -. 5(1 -1.31

* 399.363 -2.47216 -2.4;24 6 -. 27P -. 4,7
499.19 -3.113 -3.1JIP .,'5! .363
599.05 -3.75153 -3.71914 .749 .875
698.951 -4.2876,4 -4.33677 -1.135 -1.117
599.109 -3.75'2c9 -3.7195 .767 .8 ,
499.I 1 -3.1145 -3.1018 .2N, .412
399.314 -:2.4744 -,. 4243 -. 229
299.537 -I .F4 4 -I. MS 75 -.524 -1.224
199.61 -1.22f, -1.24,47 -. 4i 3 -I.792,
99.Pi,. - . 12, - .6327 -.243 -1.703

Tr.ST SUtiIARY
FULL SCALE RATE (iG/EC): 700

SCALE i'ACT(W, (V/DEG/SEC): -C.IP2 371,-03
BIAS (VOLTS) -.015/12

1PYSTERE8 IS, NEt RATES (VDC): - I .,831V4E-0,3
ISTEfF515, POS RlATES (V[DC): I .90 91 "E-.3

PULL OFFSET (VDC): -I .95 995 I /
TEST t.r, I E P

2EAI)Y

TABLE 3.3.2-X
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RATE ZEIJSOR PROGRAM: OuTPJT DRIFT NADC 80081-60

)ATE.. ?-l-PP ...... RUN .... Ql . ......

TErIP.. "6lS0f ....... SqER#. .455 ......

OUTPUT DRIFT IN 15 GFC I(ITERVALI
RATE tlEAV SCALE FAcToR

(DE G/SEC) (VDC) (kLT2/1)i/2Lt)

99.83 6 .5969j5 5.97f,7zE-.3V
99.U1 .597292 5.9f,3 9E-33
99.7797 .597534 5.9I'M53 E-03
99.7493 .597599 5.991,31 E-33

199.541 1 .19771 ).A 5 E- 3
199.556 1 . 19799 7'7-
199.564 1.1993 6 .34 COE- 3

199.544 1.19R75 6.00745E-.3

299.334 1. SI2S9 6.05639E-.33
299.3;3 P .8I1301 r .Z5 735 E- 33
299.35 1.F1355 6.05SP!E-03
299.33 1 .91406 6 .3 9E-03

399.11 1 2.44711 6 .131 40E- ?3

399 .07f 2.4484C .13529E-03
399.0)67 2.44944 6. 13 79 E-. 3
399.1219 ::.44974 ,.13 9 'E -. 33

4 9 P. F9rg) 3.1.149 6.2P3 511E-,V,
49,.799 3.10 5q2 r.22679E-.

498.957 3. I16015 25 0 ,E-.3
3.854 3.10634 .2269SE- 3

hULL OFFSET (VDC): 4.R541E-03

TABLE 3.3.2-X1
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RATE SENSOR PROGRAM: OUTPUT PRIFT NADC 80081-60

D AE..hAW ..... RtI. ...... ~

OUTPUT DIFT I N 15 SEC I UTFIRVALFS
2 ATIZ E A.'. SCALE FACTOR

(D)EG/SEC) (VDC) (VOLT'/)DEC/SEC)

9.17," G(3 r,3 6.3 7395F--13
~~9.7fl~~g .63695c 0S32?~

99.7756 .636906 6.38l33 9E-03
99. 7792, .63 7J96 C .3S5 121-- 03

199.54" 1.26972 6.3591 7F-03
199.581 1 .26943 0. 3 604 71:-33
199.56.3 2.P7043 6.36606E-03
199.57 1.107093 G .3f 3 7 E- 03

299.293 1.9 7 ,26E3
299.339 1.92247 G .423SE -33
299 .3 4 1 .920299 6.4f!41 fE-3

'299.297 1.910375 C.42?754E-03

399.10(; 2.59995 6.511l94r-23
M* .0921 2.CO,149 C.51444-,13
399.0)91 2..5O-19 r 1r7 12-
39P.107 In. r,0119 kS. 5 17 5 *,1--

4 9 8. l4 9 3 .29525 .O9'3
4 91P.9 19 3 ."" 0 C r. r,0 P,12-
498.847, 3.29744 6 .6131IAVF-2 3
4 9P. .93 (7 3.29F46 (,. iI L39 (E- ),7

NOULL OFFSE T (W)C) I .63 632F- 02

~EAI'Y J7)61

TABLE 3.3.2-XII

73



RATE SENSOR PROGRAM: OUTPUT DRIFT NADC 80081-60

DATE.. -§Q ...... R[N .... WX ......

TEMP F ........ S #... .......

OUTPUT DRZIFT IN 15 SEO INTERVALS
RATE MEAN SCALE FACTOR
(DEG/SEC) (VDC) (VOLTS/DEG/SEC)

99.9279 .57377 5. 741C4E-03
99.9183 .574024 5.74493E-03
99.9609 .5 7451 5.74743E-03
99.935 .574479 5.74753E-03

199.7f; 1.17852 5.89967E-03
199.757 1.17897 5.90201 E-3
199.758 1.17893 5.90178E-L.3
199.752 1.1792S 5.9337PE-03

299.574 1 .7953f; 5.99333E-03
299.534 1.7955 5.99431E-03
2q9.534 1.79605 5.99 6 141:-0,3
299.628 1.79699 5.99740E-043

399.391 2.4287
399.39 2.4289 6.-152F-03
399.433 ?.42F95 0 , 6,q I
399.412 2 .4? *72 3.3-324E-03

499.195 3.07446 6.15 895- 3
499.263 3.07449 C.15 o6E-03
4 99.3 ,c 3.0746e2 C. 15 782F-03
499.212 3.0749 6.1595]E-J3

NULL OFFSET (VDC): -.022159

READY

TABLE 3.3.2-XIII
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NADC 80081-60

3.4 Low Temperature Sensitivity

3.4.1 Test Setup and Procedure

The test setup for the -30°F +50 F temperature sensitivity environment
is the same as the baseline test setup except for the addition of cooling.

A thermocouple was mounted under one of the rate sensor mounting screws.
A portable environmental chamber was mounted over the 8"X8"X8" test cube on

the Genisco 1100-2 rate table.

A tank of liquid nitrogen was used for cooling by pressurizing with
dry nitrogen. The dry nitrogen pressure was controlled by a solenoid to
maintain a constant temperature. After temperature stabilization and a
45 minute soak, the test was run. The thermocouple was disconnected prior
to each run. This was done due to the absence of thermocouple wiring in
the rate table slip rings.

This test deviates from the -650 F +50 F described in the test plan.
This was discussed and approved by NADC at the mid-task review.

A test schematic is shown in Figure C.3-2 of Appendix A, Part C.

3.4.2 Test Results

The test results are presented in the same manner as the baseline
test. The results are shown in tables 3.4.2-I through 3.4.2-IX. From
table 3.4.2-11, a plot was made to typically show the low temperature
effect on the output of the units. This is compared to the baseline data
obtained at room temperature as shown in Figure 3.1.2-1. This particular
plot is for SIN 355 sensor at 500 degrees/second maximum rate.

Readytime, threshold and resolution were measured exactly as done

during the baseline test.

3.4.3 Data Evaluation

The cold temperature (-30°F +50 F) sensitivity data for the Superjet
rate sensors tested produced the following worst case evaluation:

1. Full Scale Rate at ±2% Linearity Error 425 +25 deg/sec
2. Scale Factor .0058 + .0001 V/deg/sec
3. Bias +1.66 deg/sec
4. Hysteresis +2.44 deg/sec
5. Threshold <0.1 deg/sec
6. Resolution <0.1 deg/sec
7. Readytime .069 sec max.
8. Drift random (+4.8 deg/sec/min)
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NADC 80081-60

The data recorded for each serial number is shown in Tables 3.4.3-1
and 3.4.3-11.

The full scale rate decreases with cold temperature along with a
scale factor reduction of approximately 10%. The hysteresis error increased
substantially on serial number 355 while the other two units hardly changed.

Threshold, resolution and readytime were virtually unchanged while the
drift characteristics were random. This may have been caused by the heating
and cooling of the wires located in the sensor.

I
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RATE SEVSOR TEST PROGRAM NADC 80081-60

DATE. -. 7-q ...... Ru ... .op .......
TCMP...-9F .. sE R# . .=% .......

ItATE V OUT V CALC . FS . IDEAL
(0E/SEC) ( VDC) <VDC)

-49.9135 .2"6 7 .2933 .26 -2.343
-99.7846 .5 641A .5737 .447 -2.015
-. 49.663 .239 . ,5 1 r7 -2.341
-199.5 1.1 'It 1.1342 .,"47 -1 .21 90
-249.409 1 .395C I .414P. .7, -1.371
-299.367 1.6N11 1.6957 .574 -. 7(3,3

-349.159 1.973" 1.9756 .0q6 -. 13
-398.971 2.280 2.2556 -. 97 1 ' 115-3•J 225 ..2 56 -. 974 .885
-443.,64 2.5903 2.5361 -2.144 .15
-399. J4 2 .275 t 256 . 7 4 .rf4

-349.155 1.9336 1.9756 -. 316 .4 09
-299.2r6; 1 .6876 1.095 2 .30l -. 453
-249.404 1 .3958 1.4148 .74, -1.,5
-I99.4F. 9 1.11 ",  1.1342 .81i -I.97
-149. .0 .0331 .853P .939 2.224
-99.7812 .5511 .5736 .863 -. S9
-49.9168 .2754 .2933 .73( -6.365
4 9. Sl51 -. 62 - .2G74 PF!284 -n .5 r6r
99.763, -. 5326 -. 54N1 -. 615 -2.772
149.6JI - .809 - .. 23 - .732 -2.231
199.4f7 -1. 917 -1.184 -. , -1.498
49.350 -1 .3747 -1.3891 -. 571 -1.,311

899.,846 -1 .6611 -1.669 -.375 -. 5C3
349.114 1 .5. J3 -1.95 .A14 .312
398.075 - P. -2 .I97 .4P5 547
441.1 -2.5414 -2.5 104 1.22C 1.29
39f.931 -2.2374 -2.23 .23 .33
349 .14f -1.1942 -1 .!5 01 -. 323 - .416f
299.166 -1.6535 -1.69P -. 62 -. 932
849.395 -1 .3739 -1.3894 -. 618 -1.104
199.44 -1 . J!5 -1I.108X5 -. 535 -1I.,23 6
149.643 -. 016 -F2or - .49s -1.49I
99.7721 -. 5405 -. 54S2 - . 13 - 1.3 r P
49f,52 -. 751 -. ,7 295 r. r4

TEST SUIIMARY
FULL SCALE 13ATE (DEG/SEC): 450

SCAL 7 FACTOR (V/DEG/SE(C)' -5 G62'179E-03
BIAS (VOLTS) I . .6f,43E-,

ItYSTE8EKSIS, f8E8 RATES (VDC): -l1.04 05 1E-JP
H(YSTrERESIS, POS RATES (VJDC): 1 .489,115 ~

NULL OFFSET (VDC): I.73n5RE-,3

TEST ENI fEER

READY TABLE 3.4.2-I

80A.
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2AT.; Z " w"'f. TZ2T PRO2AU NADC 80081-60

),T- N f f..1 ...... t, .. .......
.. e~o~ooo, o. .. •

UATL' V OUT V (;AL .I"S F" I .l

- 9 17,: .2 7(;3 .,•-5 .'i 7
!l!) 13 1' .55," *57,,!2C *87

-1 r!..I .7' . -, 7 ..'7 -7.,75I 4 . 5T 1 .1 3 1C7 .° I .Z15 77 -3 .15

-1.--, 1.39F5 1 .43Z,2 1 -'75 - 19f5

- 199.,5 1.6917 1 .7141 .7,9 -l .7I2
-3-1 1 " 9 1: 1 .9 75 1 9922 .1'7
-~44 •'0: f'593 1 2.5c721 - .2 ;9 •39~ 35 "p 9pc 1 "./ -, .1 7 .7"
-,)R ,... . .9"2 5 '.•25,2( -2.4)5l "2.4 -

-4 9.,,: " (,:; 2.5,:,[5 -1.319 I •.'Jr5,.1, ,,,"34 -. 795 1

-4 49. . 94 1.9991 •. -. 751

.31 1. 1 1 .7147 .2.: -1.351
-'49.355 1 .4.J75 I .4"f 7 .777 -1 .551"

1 14. . .. -I , " r(

-149.C4': .'417 .rC1 .75 - .;5 7
-99 .74 57 .59 .. .57(1; .5T7, -2.37
-49.939(r ."777 .29,"3 .513 -5 . 13,-
• 9 .;C55 - .273 -.- 77 -. I 1 ". -1 .32,
99.7,13 - .5-1:3 - .5 ;13 - .45 7 - ."191
14a9. r.37 .72r,•,,4r, -. 7 -,. l

199.52 -1 .1,57 -1.13A5 -. 7, -2.l2C
'19 .3 C -1 ..... -I .142 -. 'V,] -1 .- "7

"9.1 , A7I -1.: , r - 7 -1.7i7
349.J, -1.9%79 -- I'37 -. 553 -. 71

4 .,,3 -".5 6! -. 5531 . 9 .i
4 ',.7(. -,... . -2. P3 73 1.575 1.57)
4 ,. 3, -r.5C -2..551, .*93 1 .73
399...'1 r -2..775 -2.92I .31 4
349.119 -1.975, -1 .9'3R -. 21,9 -. 13
1!99.12;3 -1 .79 - .(99 -. (27 -1.2
4' It. A 5, -1 .391 1 -1 .4151 P.39 I. r"f

199 .,11 11.5 -1.IJ7 -I.13 -., "

1:,9.535 -. 273 -. R45 -. 37 -f.122
9'. 73 (,5 -. 551, -. 5(;1, -. 343 -1 .7 "
49.8;2"2 - .2641 - .2769 -. 451 -4 5 .-

TUST SlIhNRY
-11I-L SCAL,. RATE (DEGS/EC) 5.'J
SCALE F/CTu; (V/D;E/SEC): -5.7. 37,F-.

HIAS (VULTS) 7.45..3qF-.)3
',Y,"'"",SISc 2hL ATFS (VPC): - 1.2" ')3 E-.1,
'YSTI:PES~IS, 1OS (ATiT" (VK;): 1

I;ULL OFFSET (VIc): 2.47. 5, ,3 I ()
TEST FrIY k-F.' 7 .. .... .

,': ~~!A,)Y - - .

TABLE 3.4.2-Il
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RATE SEN1SOR TEST PROGRAM NADC 80081-60

i)ATE. .. RUN COL.D
-30°IF ?3

TEMP .. . ... SE R# ... ..

RATE V OUT V CALC % FS % IDEAL
(DEG/SEC) (VDC) (VDC)

-49.9432.. ,29f .3J45 .529 - 4.23P
-,99. ,1126s o5839 .59(2 .631 -^.52, 2
-149.632 .87FI .2926 *615 - I.,45
-199.511 1.1729 1.lI269 .591 -1.124
-l.49.419 1.4 72 1 .4,IlU3 .3,4 -. 615
-299.326 1. 7752 1 .7757 .2?4 -. 033
-349.122 2.0884 2.0699 - .7P,, .923
-399.025 .. 4095 2.363P -1 .93P 1.943
-349.116; 2.0874 2.0695 -. 76 .72
-299.291 1 .7745 1.7755 .245 -.116
-249.4CP 1.4677 1 , ';2Ir .5, r -. 94
-199.536 1.1695 1.1-7 .7141 -1.4,"r
-149.676 .2746 .,+"- .775 -2.7
-99.134 .5813 .59 7 .730 -2.959
-49.944-' ."I"92 .3045 .64r -5.17C
49.834 -.2864 -.P42 . 96 .767
99.71 ' 9 -. 5744 -. 574 -. 171 -. 6,7
149.53 -. 8657 -. R723 -.281 -. 753
199.449 -1.1594 - 1 1662 -. 356 -. 713
249.278 -1.4534 -1 .46;0, -. 315 -. 505
299.224 -1.7511 -1.7555 -. I() -. 249
348.994 -2,549 -2.0491 .245 .2"l
390.995 -2.3 6 7 -2.3441 .95C .959
349.12 -1 o . 525 -2,0497 .fir .1312
2,99.163 -1.7435 -1.7551 -. 492 -. 657
249.324 -I .442 1 -1.4611 -.PO4 -1.29
199.499 -1.1469 -1.1671 - .F5 7 -1.712
149.53 -. 8584 - .R723 -. 592 -1.5S4

99. 729F, -. 5718 -. 57S5 -. 2F5 -1.143
49.8531 - .2896 -. 2243 .1,17 .859

TEST StWrIARY
FULL SCALE RATE (DEG/SEC): 400

SCALE FACTOR (V/DEG/SEC): -5.79959E-03
BIAS (VOLTS) : 9.FI"29E-23

PYSTERESIS, NEG RATES (VI)C): -9.99922E-09
IIYSTE2ZESZS, POS RATES (W)C): 3.24152E-04 2~ /

NULL OFFSET (V[)C): 1.1I75J}E-03 /

.7EAJ)YTEST ENGINEE
' EADY 31

TABLE 3.4.2-I1



RAT[E S'EOSO2" TUT PROGRAM1  NADC 80081-60

')A TE P, u : ......

TP1 0 ..... SER# .....

RATE V OUT1 Vs CIDE S TAL

-49.91 f3 .6'3 .2RI7 .5595
-99 .833 7 .5 5)4 .562.5 . 90 ? -431

149. 7.63 1Vi 1g3 1.159 -3.42

-11,19 .43f" 1.3224 1 .4~ * r 959 -1.731

-1,99.313 1 .6735 1 . 62272 .51" -.P71
-. 349.13C 1.9731 1 .9694 - .1 4r, 111.f
-398 .9981 ".278 2.!5 - I .072' I .219
-441",.917 ;1.588C, . 5.325 -.. 7 2.11
-3F!).1 2 .2,75 4 f2.215 09 - qr5 I
-349.17!) 1 .9721 1.9697 - .A96r 1 'N
-;l99 .3 pl 1.(Z76/ 1.26I -72
-249.41 7 1 .3894 1 .4067 .7 1 f -. f9S.
-199.553 1.1lA 42 1. 1 ̂ 5?. .82-7 -1. 269
-149.719 .82.29 .N44 .g -l 2.494
-99.79V2 * 545 9 .5623 . 64,1 -2.921
-49.934 .2 7 .2p.09 .4119 H

*4F-.9157 - .1742 P-.2221 -.3.9 -2.795
99.C892 - .547! .56(IS5 -. 45 -P.91
1 49 .542 -. 112421 -. (44)1 -. 1 -P.45
191).342 - I I 3 -1 .1159 -A3 -2.6 3 9
2 4 9.2 -1I.3P,63 -1 .4 77 -. j -1'.5 2r
299 .13 1 -1 .675,1 - rill,1 -. 4 -

W4.9S7 -1 .9 715 - 1 .9 70io 0/i1*.5
3 9 f,. c Il8 - -7 17I'4 -2.25P *7F3 .86 1
4 4P. 7!)1 -2.5755 -2P.5.;33 7 1 .(-47 1 .651

3.7 -. 61 -2.25 -. 9 -..77
f.489~4 -1.9655 -. 7.15 -15 .5

290.1 32 -1 .r73!9 - I.6891 _.r .91

249 .3.17 -1 .3873 - 1 Pl7 -. 1) -1C. r,
19%.351 -1 .1059 -I2 -Ir . 792 I7P'7

I486 -f28 -.2452 -. 72

P9 .73gq -. 5532 - .563-, -.1412F -. r.f5
49.31 - .27(9c -.2122. -1.42 -.9 1 f

TI Sf-T surIMWIY
VHII.L SCALE aATL 01cl/SEC): 49 3

8L7FACTO,' (V/IIEGj/,[C): - 5 . 6 -3 4 8- 03
iAS(VOLTS) 924.E4

IFYSTER:SIS, .i;f RATES (VIX) P. .43F1P I F-,13
l'YSTl-RVf21f7, 202r RA TF:S ( VIC ) C .0/44 5 11-',3

MIJLL OFFSET ('182): C,!) 4 1 21.--.13

TEST -tr' EFR

TABLE 3.4.2-IV
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RATE SNSOR TEST PPOGRAr NADC 80081-60

DATE. 3-17-80*m. CL.......... mm .... T .......

TFVP . ,[.... .. .S:> . .. .......

,IAT V OUT V (,PLC . %S ID:AL
i(fEG/SEC) (VUC) ( VDC )

-49.,f 73 .,72 .2 S 12 .364 -3.2,
-9.7795 .5467 .5622 ... ?-.749
-1t9.631 . 2.2.5 . 43 .87 -2.4n7

-2.0.4 6 1 .3,-,6 1 1.4J5 .749 -t.351
-349.3v59 I.97,9 1 .69 5. -. 7(1

-398.952 2.268 2.24 73 -. 888 I.OJ2
-:.4'.91 *.5723 2.5nS5 -1.72,, 1.7 54"I... .N - !.7pp 75
-399.,J15 2,26a 2.2476 -,.728 .$2
-349.:01 1 .. 68 .,.7 - ,

-!9').72 .*,761 X ,685' .3, -. 573
-1'49.4.)6 1.38,9 1 .,jj') "I2c -1 .135

- -9.17 7 1 .1 J47 1 .1237 .74,-, l ll,

- 6 ¢ 3 . 6 o . 14 9 .,-431 .7" . -"..1 7
9P . 7 7.)5 5 6, .49, - .,*3r

-49.9?,'7 .,737 .,1/4 1 -,714
49.155 -. 3763 -.1,.".1c -. 17
99. cin4 -5.'2 C - .5jC -.33 -1.50
n49.5 -. 60 -. ,1. -. 44 -. .653
199.47:] -1 .1,.(; -1.1233 -. (,7 -. 519
249q,.32,, -1 .3,2..q9 - I .4. 43 - r 1.,597 4

*9..', -1!.6(772 -I 95 - .3, 4 -.
349 .111 1 . - I . .X!1 .II 5

9.J,3 - .4 -2.2473 .CY .766

44;.2:,':5 -".5,> -2 ....7 1 .46.

......... 4 71 ,3
,349.171 I .95 8 - 1 . -,5 - .3 - .3,7

,*749 .30 7 1 .3 , 9 -I, ) -. 7-}
S. 9 ,.'L - .1 05,' -I .62,4 -. 714 -1. 1

149.5,3" 7
99.747 -. 5511 -. 4 -. 1 C 7

S ."77 .-. 137 -1. 3/i

FULL SCALI. RATE (M-G/E, ) 453
!3CA I.E fA2,To)8 CV/Qn a;/:yc ) --63 23 !-- 613

PIAS (VOLTs) I .,;W85E-a4

, ,-.E,E1 . PIS RATES (VDC): 7.01%4E-04
IUULl. (WE:?I",C k't'C) : -2 * I 7223 E-03

ADY 
TEST '.1UP] 'i..-El

TABLE 3.4.2-V
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,2ATE ,O(So4 TE"T PROGRAO' NADC 80081-60

DATE. 7; ...... pI n. ......

TE!"P . 30.F S.. R; 8. 1 . . . .

RIATE V OUT V CALC % FS ; IDEA1.
(PE G/SE C) (VOC) (VDC)

-49.,R991' .2799 .2945 .Jj -5.11)
-99.56 .5569 .5 79, •*, -4 ..37
-14 9. .374 .,843 .95C . -3.I ,:1
-199.5,'1 1. .124 1.14c) 1 76 -2.19r
-249.4 , 1.41I, 1.4339 .774 -1.55!

-43 1 .7,3; 6 .71 f .524 -. '7r
-349.177 1.999 . 038 .149 -. 213

-3 9! J3 23 O1P., , - .412 50
-448.947 , .6071 2 .5737 -1 .171 1 .3 04
-. 92.8; >.9195 2 .5:',4 -2.139 2 144
-"4.841 .•215 P2.5731 -.957 1.11
-3 9.942 ,.9,7 .. , -. 83 .If5
-341).177 1•9 9 .Z!,3 (I 4 - r,47
-299 .9 .696r 1. 71 .72 -1 .3 24
.,,,,,4o 4, I< 4 /l82 1.4341 .95, -I.915
-199.555 I.1 4 4.1492 f.,XW -. 5
-I 49.6 1 .,39. 43 f7.4 .,"73 -2.917
-99 95.7 ..... .5792 r,1 -3.211

4 .. 9 .2 4 7 .3 3
49.f491 - .71, - .2753 .125 - 1.294
9.7J -. 55 R, - .523 -. 1 7
149.591 -. 3 - .,45 -. 51 -1.732

1 . ..4 . I1 .- .13 ,2 - .723 -I ..4
349 .,49 -1 .3931 -4.4117 -. 7)5 -1.51(

2.2(1 -1 22, -4.89W -. 837 -1.147
349.95 -1 .974 -1 .9t144 -r.8 -r.,.4
399.,, 7 - 711 -f 2.26 95 ./,'.1 ..)r7
44')1 1 -. 5775 - .5548 .F823 .8Q
49;.7%)7 ..SI. C,5 -2.2.5 I .85.i 4 .C5<,
4- .F5: -. 72 -,2.5543 7 .22 *93

39P,.97 -: .,28)58 -2 .2(93 - .41 -. 13
3q9.1.4 -1 . , -1 .9]45 -. 641 - .l ,I18
,99.1r) C1. ,73/ - .993 -. 914 -I .)11
"'.9./. 7 -1 .. 1175 -1.4151 .964 -1 .9,,?,
199.,5 1 -I 105, -1 . 7 7 -2.I44
I41. ,F7 -.,.,71 - .F455 - .4, -. 15f
99.7r7 - .5527 -. 58,/4 -.6319 -! .
49.283f - .,.771 - .,754 d 282 .c2

T,*!;T ",111 1ARY
FULL. SCALAT" ( EG/8E8)
S;CALE. iACT(: (V/PI /2. C) :-5 711 r I F-.3

BIAI-I ("OLTS) : 9.44 (7,r-, ,3
1'YSTLK:L";I 2, 828 PATF' (kIU) ") -*/ /3/
IiY9TEi?,':2I.9, P(G' R TES (VPC) 5.534 -L .'?

2UW!. oFFSIT (VDC) 4. .V3f F-.3 ' /
TiST F,,IV,,1 .: .. ..... .

/EA Y TABLE 3.4.2-VI j1'
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'?ATE ZOOP:u:hr:(ITP117 U1?IT NADC 80081-60

*EM -30OF . 355

OUTPUT D'"IVT It' 1', 58I I TU

!:ATL :'FA, SC ~L ;j ;r

99. 5,"3 .5rP-r95QI 1

c9? .7Cr5 .(385 .C ,7 J2:- -

99 G;jC 5 r.53 7,5r '
9"') ~7 4 *5 19 5 5 .(5 97?'" 13

I !"z.57 I . I,,5 9 4

1% 11.12734 14 1: CA-
I15171 .1.45? 5 .r39 )73V2

??'97 1o7,19.111 r) 71 1
"I1 11I .7TO1 cs

1~ 8.'5 1 .77r
8.3175 .71l 7 -

,'..5 3 7 .. r.5 I 7 -

*4 7 1~ f ''

IV),, *7W 1 .9539

I LL ijFV'; FT CVI)C ) I .1i73 1 -. i.. /,1
27 y

TABLE 3.4.2-VII
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RATE SEVSOR PROGRAM: OUTPUT DRIFT NADC 80081-60

DATE 3-14-80 COLD

TEMP. ....... SER# . .. .

OUTPUT DRIFT IN 15 SEC INTERVALS
RATE MlEAN SCALE FACTOP

(DEG/SEC) (VDC) (VOLTS/DEG/SEC)

99.7721 .56164fg 5 . 6 '93 1 E- 233
99.8254 .55r452 5 .57426E-33
99.9279 .56 191 1 5 .12879E-03
99.7912 .570312 5.715 ..- ,3

199.529 1 .14836 5 .75534E-03
199.525 1 .1543 5 .7f,5 26 E- 03
199.539 1.14438 5.7351,-03
199.577 I .1533S 5.77913 E- 3

299.271 1.770t 5.91 ,33E-03
,°.99.2C5 1 .7494 5 .,456('- - 3
29,9.23R 1.72554 5 .7r,645E-03
299.2.. 1 .7 1062 5 .71 r951--,3

399..4 6 2.31 766 5 .,2,0 79- A3

399.076 .33096 5 . l 4,/ i8 9 E- .3
399.051 2.3263 5 . 5 r' - .
399.047 2 .332.29 5 .04 , 617- 33

49P.778 11..9992 .0 I " 73E-23
49P, '35 3.01079 C,. 235r(I- 13
49,.747 2.99534 5.995,7E...
49S. 792. .96457 5.94349E-,53

NUlLL OFFSET (VDC): -1 76195 L-03

REA DY

TABLE 3.4.2-VI
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RATE SENSOR PROGRAM: OUTPUT DRIFT NADC 80081-60

DATE .A-17;4Q •.... RUN .. .q ......

TE MP..-3P ........ SER#.* .3 ........

OUTPUT DRIFT IN 15 SEC INTERVALS
RATE MEAlN SCALE FACTOR

(DEG/SEC) ('VDC) (VnLT5/DErG/SEC)

99.7462 .543.08 5.44591E-03

99.8239 .54366 5.44Cl91-03
99.7665 .543851 5.45123E-03
99.7452 .543602 5.44991 F-03

199.541 1.1005 5.51514E-03

199.511 1.Io6;99 5.54f51E- 3

199.539 1.10554 5.54045E-03
199.5i8 1 .10 5237 .305543

299.,52 1.68049 5.6!1564E- 3

299.275 1 .(; 3079 5.616 9 03
,99.276 1.6-353

299.337 1 .6F35 1 5 .2413 F -03

399.995 '.279.2, .00571'

399. 17 2.27P65 5.69562F-13
399. 039 2. 69C7 5 .C627"4E- -L
399.036 P 2.77A9 5 .691()7F-.3

498.795 ."9099 5 . 795 94FZ- 3
4 9 S . S " 7 2 . ,. .. 4 6 2 ° 5 . 7 ,° ,"f I9 : - 3

498.737 2.88193 5 .7722 -3

4919. 75, °  179 71 5 .7 73 22 F _ -. 3

1 HULL OFFSET (VDC): -3.915 OE- A3

;READY

TABLE 3.4.2-IX
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NADC 80081-60
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NADC 80081-60
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NADC 80081-60

3.5 Sensitivity Jerk

3.5.1 Test Setup and Procedure

The test setup for the constant change in acceleration is the same as in

the acceleration sensitivity test. The only difference is in the computer
programming. A test schematic is shown i:1 Figure D.2-1 in Appendix A.

The computer was programmed to accelerate the rate table from 0 degrees/
second to 1000 degrees/second by incrementing the angular rates in 0.015 degree/
second increments. The units were subjected to counterclockwise and clockwise
rates.

The angular velocity was then incremented by .030 degree/second increments
to double the jerk rate. Three more increments were used, i.e. .045, .060, and
.075 degree/second. This method allowed each unit to be subjected to 5 dif-
ferent jerk rates. Data was taken at approximately 250 degrees/second and 500
degrees/second rates, only since higher rates cause saturation. The test pro-
cedure is discussed in Appendix A, Part D.

3.5.2 Test Results

Data could only be taken at multiples of the rate increments. As a result,
the actual rates for each jerk are:

RATE RUN TIME
INCREMENT °/SEC JERK APPROXIMATE 250 0 /SEC 500°/SEC

.015 1 11.7 250.5 501.0

.030 2 5.8 252.0 501.0

.045 3 3.9 252.0 504.0

.060 4 2.9 252.0 504.0

.075 5 2./& 255.0 502.5

Using the actual rates, the output may be corrected for evaluation by
transforming all data to the nominal rates. This is done by using the nominal
scale factor of each unit. It is not known if the scale factor remains con-
stant from one jerk value to the next. However, if the scale factor changes
by +1%, the output would change only by +.01%. Historical data shows the
scale factor on sensor serial number 355 at 500 degrees/second maximum rate
changes by 3.6% which is equivalent to .1 degree/second for 250 degrees/
second rate and .18 degree/second for 500 degrees/second rate.

However, the repeatibility of the sensor has varied Lip to 19 millivolts
at 500 degrees/second (post acoustic baseline, S/N 381), which enters into
the Jerk evaluation.

The data collected for each direction and serial number is shown in
Tables 3.5.2-I through 3.5.2-XXIV. Data was obtained at 750, 500 and 250
degrees/second rates.
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NADC 80081-60

3.5.3 Data Evaluation

It is evident that the change of acceleration (jerk) sensitivity on

the Superjet is so small that it is concealed in the repeatibility of each
sensor, which has been measured to be 31 mv at 500 degrees/second rate
from one setup to another setup.

This is shown typically by Figures 3.5.3-1 and 3.5.3-2, which is for

the positive X direction rotating counterclockwise and for serial numbers
355 and 373.

Serial number 355 shows a large delta between the zero arm run and the
24 inch arm, but the gap is constant, therefore indicating neglible jerk
sensitivity. The gap on serial number 373 is small which also indicates
neglible jerk sensitivity.

The slope of the data points do suggest that there may be an angular
acceleration sensitivity. The highest value of the twosensors occurs for
serial number 373 at the 500 degrees/second reading. The change in output
is = 22.0 millivolts which is equivalent to 3.47 degrees/second shift from

ff= 87 degrees/second2 to 427 degrees/second . This reduces to an angular

acceleration sensitivity of 0.01 degrees/second/degree/second2 .
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3-20-80 R 24 In.
'. ............... :lr ...... k ....... VULL VOLTS. . . NADC 80081-60

C:ITC7? I F07 CO.. OTATIw!;I -1 - OR C.J ;!OTAT X 71
77.53J
;I' lEAS V OUT , POT
TIP)' TWC(P

I ?.149 .:.: ;f: 7 1.5"1c

SI .0;75 4. J/,.1140'
45 73 5 . I4

%_EADY

'P..................... 5................ 11lLL V"'L..........

S!Tz' I FOR CC) ROTATIurV; -1 FOP Wd ROTATIOl " -1

'?.5JJ

11.11.AS V OUT , IOnT
TIM2 TIME (VDC)

6.1 91.29 -4.0158 1.55744
.14.69 -4A.3,149 3..R4 9:

4.J6 3.136 -4.J!7r 4 .0;3534
3 .071 C.359 -A.3. 74 C. 10;737
2.473 I .915 -4.X!77 7.65071

'ZAPY

O"ERP ....................AYIS.............. JULL VOLTI........

viTE! I FCR (.C', rOTATION;I -I FOR CW ROTATION 71
7', .aJJ

'IEAS V OUT G nOT
lIVE TItE (VVC)

1I .S.8 r,-"Iq 3.1592 1 .5'91 F6

5 .966 3.131 3.I'7 3.17469
3.998' 2.11 3.1 749 4.73737

!3,504 I.,98 3. I04 C30 A343
.41 1.235 3.1540; 7.r-:645

-I -- R U )
OEM'..................... AXIS.............. i11.L JOLTS ........

EOTE.7 I FOR CCV ROTATION; -I FOR C' ROTATION ?-I

'5.33.3
!t10 HEAS v OUT G nOT
TI IE TIrE (VDC)

1.43s 6 0.23 -3.1094 .8S
5.91 3.141 -3.129 3.16405
4,.1' 0.123 -3.14KC 4.72Z14
3.I,3 1.6J4 -3.1415 ..79R4

* .0 .S -3.I0 7. t.106

,.A DY"I,'

. ....... ... ... .A, IS .... ......... ::L! TF .IL .. ........

COTE' I "OR CCV ROTATIU': -I 'Ol C 4 OTATIOfl 'I

LEAS V OUT P DOT
T I t!: TI ME (VpC)

I 1. 59 3.135 1.521S I.An45
5..F4R 1.,' 1.5317 3.23771
5 .^1

Q  
I .,;S4 1 .5 10 4.93?41l

S 4 , l.4 3124
.1.37! r76 1.5419 7.41fr 9

IZA DY

fE"'....................."IS .............. fULL 'OLTS ........

0:ITE,, I FOR CCW ROITATION: -1 FOR C', 7OT4Tlf 1-i

A0 V OaT .fOT

I I o*09) ",l 4" -I ,f. r (' I . I~

.P.907 - .5 7
",

37Q

A_ JERK DATA

TABLE 3.5.2-1
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NADC 80081-60
,t 3l-20-80 + * 24 In.
SERD .... ............ Ax S ... :I ........ t IILL VOLTS..tf.

!rTER I FOR CC'- ROTATIOII; -1 FOR Cw ROTTIOI ?I

Ip~l ~ 'tA~E V OUT C POT
TIVE TIF.Z (DC)

I P. I 4$ 9.,29!5 4.7Zr 1.559-I
6.32t 4 .6 75 4.sr53 3 .12 2

-zJ33 .2I26 4r7r" 45JI 4
3.s if 2.3 521 4.153f, S,27'I94
r .441f 2 .93e 4.1 972 76.4

"EADY

'E70,................... AIS .............. .ILL VOLTS,.. .

2.-TE1 I FOR CC'A ROTATION; -1 FOR CW ROTATIOM 7-1
1C DR
? 7. 5,13

?1,till lAS V OUT G DOT
TImE TIME ( VDC )

1 ̂ . I63 9.299 -4.0265 1 .5571R
6.1 4 .69 -4.21276 3 .1 ,4 4"
,.Jag 3.136 -4.J7 4 .43534
3.J71 2359 -4.3?87 6.16737
2.473 I.915 -4.21 7.9,71

!EADY
:illrl

3EP'.....................A.IS4 .............. NULL VOLTS........

E!ITER I FOR CCW ,OTATIluIit -1 FOR C'd ROTATIR?' ?2

'u-t :lEAS V OUT n DOT
TIDE TIME (VpC)

iI.n96 6.217 3.1544 1.59213
5.947 3.131 3 .1521 3.1741 ?.
S.21R -.. t11 3.1715 4.73737
3,,1j6 1.599 3.1651 c.3j373
2.4f 1.265 3.1513 7..645

SEP#.................... AXIS.............. HULL VOL.TS........

Z15TER I FOR CC'V ROTATIOII; -1 FOR CW ROTATION 7-I

?5.JJJ
l lt' :EAS V OUT G POT
TIC*- TIM- (VDC)

i1.93$ 4.238 -3.131 1.5P653
5.976 3.141 -3.13J3 3 34J

4.31 .- 2 | -3. L4R6 .PJ

3 J 1.634 -3.1433 r_!79f-4
n.42ft 2.29 -. 1 7.S32416

PT"'.................... A,-e...............rHULL VOLTS........

2'TEP I FOP CC' 1OTATIOI -I FOR C*J RDTATIOP 71
?I' .343

,tit) :'PASv OUT G DOT
TIME TIME (VDC)

S1 .613 2.528 1.2145 i.3493
5.975 1.263 2.22SF. 3.1^515
3.!43 .4 I 32 1-233 4. 93P'.1
7.9l34 .0 78 1.2314 6.45535
'. 63 .548 .199 :%31523

.EADY
llii

SEP .................... AYIS .............. IULL VOLTS ........

T I FO CCI ROTATION: -1 FOR CU ROTATIO4 ?-I
"IC 17

"pit lA 55 'lOUT '7 "1)T
TIT'E TIWE (VdLC)

2 .C55 r.537 -I.2J5 .675'5
5., .9,t -I .P.' it, 3 .1
3.426 .i .2.23 4 4 0
S.944 .69 -I , 7 r,.4334f

7.572 .55.I.231t3

'Ary JERK DATA
TABLE 3.5.2-11
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tin ,.2-8oO It - 24 Is.
SEIF ...... * ........... AYs.......... ,ULL VOLTS.I.4... NADC 80081-60

ERTER I FOR CCV ROTATIOP; -1 FOR CV ROTATIOP TI

"'tU fEAS V OUT a DOT
TIME TIT (VDC)

In., 23 9."9 4.81117 .56232

A 6 .1".134.734.ehnfl 4.fmoI 4
3.1s 2.351 4.6409 6.14954
..465 1.909 4.9'17 7.68357

7EADY

SERe .................... AXIS..............rNULL VULTS........

IPTER I FOR CCV ROTATIONs -1 FOR CV ROTATION ?-I"#CDR

77.5as
7UP lEAS V OUT G DOT
TIME TIME CVDC)

[P.162 9.299 -4.249 1.55731
6.1. 4.6v -4.9259 3.10441
4.486 3.136 -4.8264 4.f3534
3.171 2.359 -4.3266 6.16737
p.473 1.915 -4.827 7.65871

.1EADY7UU'
SERO .................... AXIS..............ULL VOLTS ........

ENTER I FOR CCV ROTATION; -I FOR CV ROTATION ?I
75.a81
lUN [AS V OUT 0 DOT
TIME TInE cVDC)

I1.898 6.28 3.1964 1.5916
5.966 3.131 3.1568 3.17466
3.993 2.116 3.1738 4.73737
3.114 ,.598 3.1697 6.38493

..42 1.285 3.1556 7.82645

lEADY
!UN
SERP .................... AXIS..............NULL UOLTS ........

EPITER I FOR CCW ROTATION; -1 FOR CV ROTATION ?-I

tll' lEAS V OUT 0 DOT
TIME TIME (VlC)

11.938 6.238 -3.,1284 1.54653
5.937 3.141 -3.127 3 .1 OZ352
4.l , 2.122 -3.1452 4.7228,
3.415 1.614 -3.1434 6.2919P
2.428 1.989 -3.1538 7.80166

3EADY
tum
SERP.................... AXIS.............. NULL VOLTS ........

ENTER I FOR CC' ROTATION; -I FOR CV ROTATION ?
'2.583
U IAS V OUT G DOT

TIME TIME (VOC)

11.659 3.135 1.5232 1.6245
5.648 1 .. 24 3.23871
3.:197 1.83 1.5305 4.3533
p.945 .825 2 .529 6.43124
P.372 .676 1.5458 7.9487

3EADY

SER....................AXIS.............. NULL VOLTS ........

ENTER I FOR CCV ROTATION1 -1 FOR CV ROTATION ?-I
ICDR

?P. 5a
U1 "AS v OUT G DOT

TIME TlIME (VC)

11.699 3.145 -1.539 .0;"4
5.86t 1.661 -1. 193 3.22713
3.932 1.087 -1.5171 4 .91 69
.5.955 .27 .1.514 4.40948
2.38 .679 -. 5299 7.957.

3EADY JERK DATA

TABLE 3.5.2-1T1
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null 3-U-UIt 2 24 n.

sERO ..... A ............ AXIS ..... .NULL VOLTS.t 9, .. A 80081-60

ENTER I FOR CCW ROTATION: -1 FOR CV ROTATION ?1
?7.5ja

711N W1AS V OUT 0 DOT
TI[E TIME (VDC)

I:!.149 9.:195 4.8067 1.5589R
6.381 4.675 4.9954 3.fl46?
4.j7T. 3.|25 4.8014 4.65 1 PR
3.J6 2.351 4.8904 A. 18954
2.405 1.909 4.930f! 7CFL35 7

lEADY
.UN
SER *....................AXI ............. P ULL VOLTS S .......

VtITER I FOR CC'W ROTATIONI; -I FOR CW ROTATION ?-I

?7.5Ja
E AS V OUT G DOT

TIPE TIME (V[0)

IP.163 9.299 -4.626 1.55719
6.101 4.69 -4.829 3.10441
4.0 6 3.136 -4.0294 4.93534
3.171 2.359 -4.0294 6.1737
2.474 1.915 -4.0299 7.45562

"EAOY
lit"
SEPD ..................... AXIS .............. NULL VOLTS ........

EIITER I FOR CCV ROTATIONl; -I FOR CU ROTATION 71
?5.J.13
iUN lAS V OUT r DOT
TIME TIME (yDC)

11.858 6.018 3.1582 1.5919C
5.967 3.131 3.159? 3.17412
3.9?8 C.116 3.1749 4.73737
3.006 1.599 3.1719 6.30073
..42 1.285 3.1586 7.8P645

.TEADY
Pt?

SERF....................AXIS .............. NULL VOLTS ........

ENTZR I FOR CCV ROTATION -I FOR C¥ ROTATION ?-I

RUN 4EAS V OUT G DOT
TI.IE TIME (VO)

11.938 6.238 -3.1362 1.58653
5.988 3.141 -3.1381 3.19299
4.12 2.123 -3.153 4.72884
3.416 1.664 -3.1497 6.7984
2.4P8 1.285 -3.1347 7.80066

R.EADY
IUt:
SERF....................AXIS. .... ....... NULL VOLTS ........

ENTER I FOR CCV ROTATIONI -1 FOR CU ROTATION 71
?.58
lull *EAS V OUT G DOT
TIME TIE (VDC)

11.655 3.135 1.5234 I.,245
5.848 1.6 1.5332 3.23871
3.917 I1.83 1.5369 4.3533
.45 .825 1.5281 6.43124
.372 .676 1.5441 7.58482

lEADY
.tlll
SEP#.................... AXIS .............. NJULL VOLTS ........

ENTER I FOR CCV ROTAT[OII -I FOR CV ROTATION 7-I
iCDR
70-.5a0
7:':ll tEAS v OUT G D(T
TIME TIME (VDC )

II.A!19 3.145 .I,512 I. W'94
5.119 1 . *1 .5p.15 3 .713
3.!132 I.2 *1 .519 4.01 KP
2.J55 .W1.7 -1.5174 6.4394S
P32 .7 -2.5328 7.5 79P

1EAPY JERK DATA
TauIL 3.5.2-1V
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3-2040 R 24.4 In. NADC 80081-60

E ...... . .. ........ .ULL "OLTS .+.31'
1

..

ETER I FOR CCW 1OTATIO;; -1 FO CJ ROTATInI ?I
?'7.5 33
WUt' PEAS V OUT r P nT

TIMlE TIME ( VDC )

I f! . 23 9.27 -. 3399..? 1I ,4143
6.J52 4.676 -. 1Zf77 3.27179
4.174 3.127 ".oJ9C5 4 .* 8 4 3
3.361 C.350 -. 3J22541 6.5 352
2.407 1.91 1.3241 5.36637

'1EADY.fl~tlY

sR# ......... ........... AXIS ............... TULL VOLTS ........

ZNTER I FOR CCW ROTATION; -1 FOR ;W ROTATION 7-1

?7.53
.lull "EAS V OUT G DOT
TIME TIME (VDC)

|2.2W5 9.34C .817775 1.6394
9.144 4.733 .818235 3.23877
4.487 3.137 .016232 4.86885
3.J72 2.36 .152a2 6.47754
2.474 1.916 .215245 8.343P5

'LADY
'(li'
SERP .................... AXIS .............. NULL VOLTS ........

ENTER I FOR CC" ROTATION: -I FOR CV ROTATION ?I
?5 ., 30
RUt) ,EAS V OUT G DOT
TIlE TIlE (VDC

11.941 6.261 .07024 1.66644
3.P67 3.132 -. 46489 3.33484
3.999 2.117 -.085477 4.97599
3.J5 1.599 -. 334967 6.22196
-. 421 1.286 -. 004382 8.21933

7U:1
SERA .................... AXIS .............. NULL "OLTS ........

ENTER I FOR CCJ ROTATION; -1 FOR CW ROTATION ?-I
,C DR
?5.33J
,'tLf, 3EAS V OUT G DOT
TIME TIlE (VDC)

lI.98 6.281 .314991 1.6AI,2
G.J3 3.184 .,l5071 3.3
4.J.3 2.124 .912995 4.95RK3
3.317 .635 .a12893 6.5956.

9! ^29 6.5952

'LADY

SE"0......................AXIS..............CULL 
1
ILTS ......

•'TER I FOR CC' ROTATION:; -1 FOt C-4 ROTATION 7

'UP NEAS V OUT G DOT

TIf*E TIME (VI/C)

I 1.7JI 3.1 7 -.3182239 1.78362
5.849 1.631 -.00161 3.402I
3. t1 1.84 -. ,IJ3515 5.sT7ss7
'!.P46 .8;:5 -. hl IK 6.71345P
,!.373 .677 .A04961 8.3f59

1EADY

SER. .................... A7 S .............. IILL VOLTS ........

EPTEP j FOR CCV ROTATIO'O; -I FOR Cu ROTATIO14 7-I

'*"A. V OUT r POT
TIVZ TIrE (1UDC)

11.741 3.21P .409748 .;~.
. 1.649 P.r28 3.30r7

3 .93A 1 Jir. .07q, 5 .J595
.85AAP i .371262 6.73173

2!.322 .9p *M65 7 2.3, 741
iEA, y JERK DATA

TABLE 3.5.2-V
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NADC 80081-60

3-2040 R Z 23.6 In.
,..... JIM ............ Alms.... .l ......... V:LL VOLTS. .

ZITER I ,UR CCJ ROTATION; -1 j.-R C' -10TATIO0 ?1
* ?7.533

7:l 'SAS V )UT r DOT
TIME iE (VDC)

1 . 124 0.27 -. 1C53f; 1.530^9
6.JF?. 4.676 -.3 19367 3.ja2n42
4.116 3.19. -316o 4,52.527
3.133 .394 -. 31I453 r. 33f.5?,
2.5 38 1.952 -. JI3773 7.42!;3

-EAPY
.UN

SEPR..... . . .... ., ,, , ,AXIS .. ,...... .... PLL VOLTS ..... ,...

EPTE1 I 703 CCV ROTATION; -I FOR C/ ROTATIO0 ?-I

C nil

? 7.5J,
2tN ~ MEAS V OUT 0 DOT
TIME TIME (VDC)

I P.206 9.343 JIB.S24 1.52597
6. 1 3. 4.991 ..J?933S 3.J5244
4.3F7 3.137 .0^9749 4.55 738
3 . J72 0.36 .30377 K.09315
2.A74 1.916 .0313 d32 7.5287

2E nY
211:1

. 2. .................... AXIS .............. NULL VOLTS ........

ZItTZ- I 0 CCW ROTATION; -I FOR CU ROTATION ?I

:II ;EAS V OUT G DOT
TIME TIME (VPlC)

I1.P41 6.261 -.J49559 1.55984
r.JI 3.174 -.31J141 3.09917
4.2141 2.159 -.31161 4.60925
3.,349 1.642 -.31J;373 6.138139
2.4 63 1.328 -.013596 7.59232

7EADY
-U"
SZ17 .................... AXIS .............. NULL VOLTS ........

F1TER I FO CCWI ROTATION; -1 FOR CW ROTATION 7-I
2C [P

;5 .33
'EAS V OUT C DOT

T111E TIME (VDC)

11.pS2 4.291 .3181355 1.5545
5.!FR 3.142 .019551 3.11355
4.3l3 L.124 ..3174 4.64142
3.A17 1.635 .320595 6.17363
%4n9 1.29 .2131 7.668R

"EADY
'l'?'

. . . . ..... ................ AXIS .............. NULL VOLTS ........

.IITER I FOR CC'. ROTATION; -I FOR CU ROTATION 71

2Ut? HEAS V OUT G DOT
TIME TIME (VDC)

11.7JI 3.178 -. 92606 1.59183

5.,3 I 1.643 -.3 8TRR 3.1f177
3.61 1.127 -.ZJ2777 4.70235
f.988 .968 -.a32952 C.P336
-. 415 .7C -.0333hp 7.71263

IEADY7tt7

SEP#.....................AXIS .............. !lULL VOLTS ........

74TE't I FO CC'J ROTATION; -1 FOR CU ROTATIO11 ?-I

'it !EAS V OUT G POT
TIME TIME ( V1C)

I L.742 3.12C .3126c4 1..9267
5.87 I .KJ7 .Z11534 3.17336t
3.P33 IJ22 .. '1[:174 4.735 6
-. !56 .22 ..11 1. 13

2.38I .12 JERK d4At .27

TABLE 3.5.2-VI
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NAMC 80081-60
R(Itl

"IITER I PO CCI ROTATION; -1 FOR CW ROTATInt' 7i SN 35S R " 0 in.
? 7.5 0 ,3.gNV
.Utt MEAS V OUT 0 !OT X and Y %xis
TIME TIME (AIDC)

I ..J21 9.214 4.9059 1 .5"1558
.,3 4.64"/ 4.92t 3.14396

4.038 3.167 4.9069 4.0;9044
3.334 2.337 4.8917 G.'425S
2.445 1.899 4.9344 7.7442

2EADY

ZI:TER FOP CCW ROTATION; -I FO2 CW ROTATIOVI ?-I
?7.5 0
;IN tEAS V OUT G DOT
TIVe TIME (VDC)

I .J.6 9.44 -4.3)) 1.57048
G. 49 4.662 -4.0321 3.1ti1

430 .117 -A .05 .5 4 . 073
3.045 C.345 -4.3327 6P.2303
_.453 1.904 -4.,331 7.72116

iEADY

V.'TER I FOR CCW ROTATION; -1 FOR Cw ROTATION ?t
75..aa

2U' !EAS V OUT G DOT
TIWE TIME (VDC)

1i.768 6.181 3.1841 1.60945
5.P;2 3.113 3.1833 3.23938
3.P55 2.123 3.2006 4.7r187
2.973 1.589 3.1982 6.37367
^.313 1.277 3.18a8 7.91475

'EAV)Y

ZFTE? I FOR CCJ ROTATION; -1 FOR CW ROTATION 7-1
?5.000

21111 AS V OUT G DOT
TIME TIME (VDC)

11.8as 6.21 -3.1439 I1.604
5.!!2 3.123 -3.1624 3.19R4
3.67 2.11 -3.179C 4.77439
2.W1 1.594 -3.1731 6.35144
-.41 I.281 -3.1597 7.1 1838

1EADY
it'l,

-t1TER I FOR CC'A ROTATION; -1 FOR CV ROTATION 71
72.500

:Efl ,EAS V OUT G f)OT
TIME TIME (VDC)

11.5 3.116 1 .5362 1.64696
5.77 l.591 1.5447 3,1W.5
3.964 1.077 1.5423 4.93166
2.905 .82 1.539 6.51979
2.34 .673 1.5552 8.0940P

I!EADY

IfHTER I FOR CC' ROTATION*, -I FOR CW ROTATION ?-I
72.500
7Le, M'EAS V OUT G DOT
TIlE TIME (VDC)

11.541 3.126 -1.5243 1.6411
5.7np 1.596 -1.534 3.2717P.3.879 1.3g8 -1.5313 4.8827

.8sg s2 -1.5234 6.4952
7.348 .675 -1 .5433 R.A6644

!EAY JERK DATA
TABLE 3.5.2-VII
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I!
NAM 80081-60

EIITER I FOR CCW ROTATION; -I FOR CW ROTATION 71 S/N 355 R - 0 In.

? 
+3.1 NV

203 ,'EAS v OUT G DOT Z Axis
TIME TIME (VDC)

2.JS 9.214 -. 05661 1.574"4
6.J35 4.648 -is5699 ,3.3R36

4.042 3.108 -.0053J9 4.60.513
3.338 2.338 -.305929 6.23436
1.448 1.899 -. 043C481 7.73 C93

7EADY
RUN
VtITER I FOR CCW ROTATION; -1 FOR C/ ROTATION 7-1

?7.500
RUN MEAS V OUT G DOT

TIME TIME (VDC)

S?..1I1 9.286 .011204 3.56387

6.356 4.663 .010696 3.12748

4.a56 3.118 .013364 4.66963
3.049 2.346 .3213593 6.21187

2.456 1.905 .0 113 7.71173

'EADYRU N1

'IlTER I FOR CCW ROTATIOH; -1 FOR CV ROTATION 71
?5.33
0Utl lEAS V OUT G DOT

TI ME TINE (VDC)

tl. 82..8 6.223 -.00241 1.63328

5.911 3.3 13 -.002609 '3.2042

3.962 C.104 -.002671 4.7f041

2.978 1.59 -.302688 6.35997

2.439 1.32 -.4103025 7.76548

READY
,3U f'
ENTER I FOR CCW ROTATION; -1 FOR CW ROTATION 7-1
?5.3ja
7.IUI: "AS V OUT G DOT

TIME TIME CVDC)

It.968 6.243 .08308 1.59559

5.332 3.124 .00831 3.19295

3.975 2.11 13008328 4.76478

2.988 3.595 .00848! 6.33869
2.4J6 1.282 .008439 7.87199

READY
1 UN
ENTER I FOR CCV ROTATION; -1 FOR CV ROTATION 71
? ?..5a0
RIN MEAS V OUT G DOT
TIME TIME (VDC)

1.57 3.159 .000283 3.63699

5.784 1.592 .000232 3.27455

3.875 1.078 .0004 4.RS774

2.955 .863 .300295 6.4
0
949

2.347 .673 .A00356 8.36988

READY
IU Il
ENTER I FOR CCV ROTATION; -1 FOR CV ROTATION 7-1
?.5,o
'?Uri MEAS V OUT 0 DOT
TIME TIME (VDC)

11.612 3.17 .006073 1.63107
5.834 1.597 .006035 3.26327
3.688 3.001 .00593 4.714
2 .9 23 .823 .a5797 6.47964
i.355 .o76 ,05765 0.04246

EAPY JERK DATA
TABLE 3.5.2-VII
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.l1t1 3-20-0 I - 24 In.
SE R ...... Xl .......... AXIS ...... ....... OULL ,,OLTS..-.GoM. NADC 80081-60

E'ITEI I FOP CC, ROTATION; -1 FOR CW ROTATION ?I
7 ?.SJj
IlI "EAS V OUT n, DOT

TIME TIME (V'DC)

2.149 9..!95 A.9:A. 1 .5591
A..381 4.675 4.94 9n~ 3.11467.
4.273 3,226 .-9315 4.452114
3.216 2.351 4.913P 6.18954
2.466 1.929 4.95^.l 7.48045

'EADY

SCRO .................... AXIS .............. tULL VOLTS ........

•TlTE7 I FOR CC'J ROTATION; -1 FOR Cw ROTATION' 7-I

?7.503
!11:1 'EAS V OUT G DOT

TIME TIME (VDC)

2.163 9.299 -4.2351 1.55718
G.lat 4.69 -4.2361 3.13441
4.06 3.136 -4.0365 4.63534
3.271 2.359 -4.3367 K.16737
2. A73 1.915 -4.337 7.6571

EADY

SEP# .................... AXIS .............. NULL VOLTS........

'.TER I FOR CCW ROTATION; -1 FOR CW ROTATION ?I?5.300

11h14 'EAS V OUT G DOT
TIME T!ME (VDC)

11.898 6.218 3.2283 2.5918
5.P67 3.131 3.2259 3.17412
3.998 2.116 3.2419 4.73737
3.005 1.599 3.2359 6.3.83
_.42 1 85 3.2192 7.82645

.EADY

SEP# .................... AXIS .............. NULL VOLTS ........

ENTER I FOR CCW ROTATION; -1 FOR CW ROTATION 7-I
,!CP!!
?5. 03
7UAS V OUT G DOT
TIME TIME (VDC)

11.938 6.238 -3.2326 1.58653
5.qf6 3.141 -3.1906 3.19643.
4.412 2.223 -3.2155 4.7:!334
3.J6 1.604 -3.2387 11.279R4
2 .428 1.289 -3 .192 7.80366

1111
.ZPI .................... A,, S.............. ULL VOLTS.........

E€ITE7 I FOP CCW ROTATIOPI; -1 FOR C'W ROTATION ?I
?7.522
'Ill' NEAS V OUT G nOT
TIMZ TIME ( VDC)

22.6,9 3.135 1.5348 1.6245
5.1148 1.6 1.5427 3.23R71
3.917 22183 1.5396 4.83533
.945 .825 1.5374 9.43124
..37: .677 1.553n 7.9848P

'E ADY

2ER ..................... AXIS..............DULL VOLTS ........

ENTER 2 FOR CCw POTATlON" FOR CN -OTATIOi ?-1.CDR

7,52
'Ni1' 'EAS V OUT 0 DOT
TIE TIME (0DC)

1.699 3.145 -1.5344 2.62R94
5,169 1.636 -1.5449 3 .P713
3..9$2 1.2117 -1.5417 4.6ICRP
r!.955 .8127 -. 53R4 9.4,194S
-. 38 .679 -1.5543 7.9579?

:!EASY JERK DATA
TABLE 3.5.2-IX
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Su 3jj 'ER R 24 in.SERF .3!S 3d ISOLVOTS NADC 80081-60

2117CR I FOR CCJi ROTATIONI -1 FOR Cu ROTATION ?I

TZl "Z TIVtE (VDC)

InIC 9.^-69 4.9319 1.54245

9.4161 4.675 4.9447 3.11462
3.46s 1-351 4.9114 .454
%46f; 1.9j9 4.94ri 79f14

Zp ............AXIS ........ VULL VLSU....

EIITER I FOR CCW ROTATION; -1 FOR CU ROTATIOII ?-I

?7.5a4
RUN !IEAS V OUT G POT

TIETIME CVZC)

1212 9.299 -4.a362 1.55731
6.2 4.69 -4.0371 3 10441
4 :,''81 3:136 -4.0376, 4:9353 4

J.71 2.,359 -4 , 377 6.1 6737

! OR 473 1.915 4.03 7.6 571

lT, EAS V OUT G DIOT
TIZTIMlE (VDC)

11"7 6217 3.2368 1 .5 92
59%3.131 3.2345 3.17466
3Pa2.116 3.2492 4.73737

3.J,35 1.599 3.2427 6.30203
f.42 1.285 3.2245 7.9^.C45

SEND ..................... AXIS..........ILL VOLTS ....

rI1TER I FOI CCIW ROTATION; -1 FOR CU ROTATION 7-1
;cDR

till tIEAS V OUT G DOT
TIMTIME1 (YDC)

11.P9 6.238 -3.208 1.511653
5.987 3.141 -3.2055 3.16,5?
4..112 C.123 -3.219F 4.72.784

.JI 4 1.S44 -3.2131 6-17984
2:428 1.289 -3j197-, 7.S24 C

-EADy

...................... AXIS............... NULL VOLS ...

jERIFRCCW ROTATIOI; -1 FOR Ow ROTATIO14 71
* 2.5do

IL" EAS V OUT G DOT

TIME AXIS (.5VD.1C2

11.659 3.135 1.5463 1 .6245
5.848 1.6q 1.548C 3 .23871
3.917 1.0113 1.5447 4.83533

.. 32 .761.5573 7.98411P

ZIITP IFORCC4ROTATIOI); -1 FOR CU ROTATIONl 7-I

'EAS V OUT G DOT
TIET IME (VDC)

11Jg:543 1:2 13
3 .932 1.427 -1 .5453 4 .1'1If9

n.95 7 -1 .5423 ,A-14
%3A .A79 -I1 .5583 7.95799

'EAPY JERK DATA
TABLE 3.5.2-X
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m\ 3-040 I , 24 In.
SE ...... R ........... AXIS. .. y ......... PULL VOLTS..-.W. Ni.: 80081-60

ENTER I FOR CCW ROTATION; -J FOR CV ROTATION ?I

.1U; lEAS V OUT G POT

TIME TIME (VOC)

P.. 123 9.P69 4.9354; 1.5623C
6.h85 4.675 4.9469 3.11462
4.J73 3.126 4.9333 4.l5014
3.04 2.3 1 4.9157 .18954
,.466 1.509 4.31534 7.6345

READY

SERI .............. AXIS .. NULL VOLTS ........

ENTER I FOR CCW ROTATION; -1 POR CW ROTATION 7-I
"CDR
?7.5d@
RUN MEAS V OUT G DOT
TIRE TIME (VDC)

12.162 9.299 -4.6332 1.55731
6.1 4.69 -4.8341 3.10492
4.loss 3.136 -4.0345 4.63534
35,71 2.359 -4.0347 6.16737
2.473 J.915 -4.035 7.65871

lEADY
RUN
SERe .................... AXIS ..............NPULL VOLTS ........

ENTER I FOR CCU ROTATIONI -1 FOR CV ROTATION ?I--
?5.000
RU11 PEAS V OUT G DOT
TIVE TIME (VDC)

11.89s 6.216 3.2246 1.591 C
5 .967 3.131 3.2248 3.17412
3.998 2.116 3.242 4.73737
3.d35 1.599 3.236 6.3.0283
C.42 1.285 3.2173 7.82645

lEADY
lUtl
$SEP# .................... AXIS ............. P,ULL VOLTS,,........

ENTER I FOR CCV ROTATION; -1 FOR CV ROTATION ?-I
ICDR

7t11 SEAS V OUT G DOT
TIME TIME (VDC)

11.93R 6.238 -3.1981 .585653
5.9116 3.141 -3.1929 3.IK485
4.412 2.123 -3.21 4.72084
3.316 1.4 -3.2233 6.27984
P.429 1.289 -3.1852 7.F10066

nEADY

3111"
ZERO .................... AIS ............... NULL VOLTS ........

ENTER I FOR CC'U ROTATION; -1 FOR CV ROTATION 71

Ill EAS V OUT G DOT
TI1E TIE (VDC)

1 .658 3.135 1.5342 1.62494
5.048 1.6 1.5417 3.23171
3.917 1 ."3 1.538 4.83533
,.945 .825 1.5344 6.43124
P.372 .677 1.551 7.98482

,tEADY

ZERO .................... AXIS.............. NULL VOLTS........

ECTER I FOR CCV ROTATION; -1 FOR CV ROTATION 7-I
,'C DR

,IUI MEAS V OUT C DOT
TIME TIME (VrIC)

11.699 3.145 -1.5336 1 .91"94
5.P9 1.620; -1.5421 3 .. 713
3.93P [.do7 -I .93P 4. t1 989
S.955 .R27 -1.3$8 6.40194P

f-.3P .679 -1.5527 7.95 798

READY Jx DATA
TABLE 3.5.2-XI
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I-208 so R 24 In. AC 08-6
..... .?!.... ',IS - .. ...... VULL VOLTS.-.,R AC8016

-ITER 1 1 01 CCiJ POTATIOn, -1 FOR Cd ROTATIO1, ?I

11(ti MEAS V OUT Gi Pn
T ETIrE (1)1C)I

I :. 14 9* LP5 4.9.3 7 1.559
c..al 4.F75 4.933q 3.114f~r

.. 3 3.3 .5 4.8912 6.I5 1
2351 4.94 .115

..61..94.!$33D 7.68345

I, %DY

rER .......... .. AXIS ........ HULL kOLT ....

::tlTF~l I FOR CCW ROTATION: -1 FOR Cw ROTATION 7-1

77.53J
71(Ri t1EAS 1) OUT G DOT
TIME TIME (VDC)

I ^. I is 9.299 -4.0333 1 .55731
6.1211 4.69 -4.0344 3.h)441
4.JS6 3.136 -4.0340 4.63'%34
3.071 2.359 .4.035 6 . IA73 7
:!.4 73 1 .915 -4.3353 7.035071

IZEAPY

'FR.......... .. AXIS ........ NULL VOLTS ...

ZPTEI I FOR CCW ROTATIOV; -1 FOR Cy ROTATION 71

.IIIEAS V OUT C) DOT
TIMEN I E (VDC)

I 1.913F 6.218 3.1P205 1.59196
3514f6 3.131 3.2173 3 .1 74466
3.998 i.116 3.2352 4.73737
3.335 1.599 3.226 6.30283
L.4.' 1-185 3.2287 7.82645

.................................................. AXI1S............... VULL VOLTS ....

Z(DTER I FOR CCW ROTATION; -1 FOR CV ROTATION 7-1
.IC DR
75 ..)3

.1N EAS V OUT 0 DOT
TIME TIME (VOC)

1 .938 6 .:!sa -3.1994 1.531653
5.!R7 3.141 -3.1966 3.1635-.
4 .. )1f!' 123 -3.2123 4.7r384
3 it f 1.634 -3.2056 4.27994

n 4^S1.269 -3.1891 7.Saocl6

................................................. AX IS............... NULL VOLTS ....

ZIPTER I FOR CCV IOTATIOI -1 FOR CII ROTATION4 ?I

lilt) 'EAS v OUT 0 DOT
TIMlE TIMlE (VDC)

I11.659 3.135 1.5347 1.9245
5.s48 161.5425 3173071

3.917 1.5389 4.1135311
P825 1.5362 K.431P4

1.37 .676 1.5521 79482

S)ERI..................... AXIS ............... 'ULL VOLTS ....

EVTER I FOR CCW ROTATION; -1 FOR CW ROTATIONI 7-1
IC DR

.im'EAS V OUT 0 DOT
TI FE T IME (VIC )

5.869 1.6,16 -1.544 3.22713
PSI1 17 -1.41 rcq

17.55.87 -153WI 6.4394F
-.38 .K79 .1.5534 7.95 798t

IEADYJERK DATA
TABLE 3.5.2-XII
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,71111 3.4.I080 It * 23.6 163E-0 ........... A)3IS...+1 ......... PULL ,,T..S..qq. NADC 80081-60

EIPTR I FOR CC4 ROTATIONI -I FOdt CW ROTATIOI ?I
?1.533
PP" M EAS V OUT Q POT
TIME TIM'E (UDC)

Ip ,I5 9.297 -. 717' 1.532sR
ot. |a 4.718 -.372169 3.4(4P4.11I; 3.169 -.0?72015 4 .5^,5.7
3.IJ4 :.395 -.071664 6. JJA4

2.5dB 1.952 -.07?547 7.42"63

READY

SER .................... AXIS .......... PtULL VOLTS ........

EPTER I FOR CCW ROTATION; -I FOR CU ROTATION ?-I
P CPR
? 7. 5iD@
11N fEAS V OUT G POT
TIME TIME (VDC)

I ?.163 9.3 A36632 1.53137
#. 143 4.733 .&36302 3.3997
4.129 3.179 .1361 4.51012
3.114 2.482 .13595 5.98137
2.51 1.958 , 36356 7.40112

-lEAPY
2111*
SERP .................... AXIS .............. NULL VOLTS ........

tlTER I FOR CCV ROTATION; -I FOR CU ROTATION ?1
?5.,JJ
RIIN rEAS V OUT G DOT
TIE TIlE (VDC)

11.941 6.261 -.051593 1.559R4
6.011 3.175 -.851291 3.09045
4.2142 2.159 -.851596 4.641112
3.J49 1.942 -.01fia 6.11699
!.463 1.328 -.15 131 7.562?32

zEADY
NJll
SERP .................... AXIS .............. NULL VOLTS ........

211TER I FOR CCV ROTATIOJ; -1 FOR Cw ROTATION ?I
'1202

1I'N MEAS V OUT 0 DOT
TIME TIME (VOC)

11.P82 6.21 .02747 1.5545
6.09 3.184 .92773!1 3.J894
4.055 2.166 .027718 4.59334
3.4119 1.C47 .426026 6.O09992
..471 1.332 .3p7717 7.53784

3 R0 .................... AXIS .............. NULL VOLTS ........

EPTER I FOR CC' ROTATION; -1 FOR CU ROTATION 71
72.5311
1tlt, MEAS V OUT G DOT
TIME TIME (VDC)

11.701 3.178 -.02887 1.59183
5.892 1.644 -. 12938 3.1II4
3.P61 1.127 -.12907p 4.73',35
,..Ks -.32918 4.2336

I.. A15 .72 -.02933 7.71263

: 7EAPY

,ERP .................... AXIS ............. . ULL VOLTS ........

Et'TER I FOR CCW POTATION| -I FOR CW ROTATION 7-I

'tUP1 EAS V OUT a DOT
TIME TIME (UPC)

I ,742 3.9 .13207 1 .5 A97
I.912 1 ,49 ,03135 3.1 54

3. 75 1.13 .012934 4.6 9R5 7
".999 ,97 .012743 6. f12I
^.423 .7n22 3.1got 7.69717

tA JERK DATA
TABLE 3.5.2-XIII
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I

\, 3-20-80 A - 24.4 In. NADC 80081-60
SER, ...... M ........... AXIS .... . t ULL VOLTS...IM

ETER I FOR CCWI POTATIOtM! -I FOR CV ROTATIOfl 71
?7.520

nIle' tiEA V OUT 3 DOT
TIME TIME (VIIC)

In. 17.4 9.2.85 2 1.64129

s .13 4.718 -.863503 3.245T8
4. 116 3.19 -.j63977 4. 495
381J4 :.359 -.jA3172 4.4 1376

1.95.3 -.363-2 7.9 135

ltEADY
Rift,
SEP# .................... AXIS .............. NULL VOLTS ........

ENTER I FOR CCV ROTATION; -1 FOR CV ROTATION ?-I
?C D3
77,58o
"(Itt tIEAS v OUT G POT
TIME TIME (VDC)

1 P.--5 9.342 .029515 1.o3j4
9.144 4.733 .29838 3.23877
4.129 3.179 .J29284 4.81933
3.1 l14 2.402 .j79993 9.39011
-.516 1.958 .80d49 7.96091!

SER$.................... AXIS...............PULL VOLTS.......

ENTER I FOR CCV ROTATION; -1 FOR CV ROTATION ??5.300:

*tt . 0 ,EAS V OUT G DOT
TIME TIME (VDC)

I I .!"41 6.261 -.848714 1 .66644
6.3! 3.174 -.048593 3.31 9
4.041 2.159 -.048976 4.92428
3 149 8.642 -.24691 9;.5264
.493 1.328 -.448264 8.87917

.,EADY

SERO .................... AXIS .............. NULL VOLTS ........

ENTER t FOR CC! ROTATION- -t FOR C ROT11ATIO 7-1
7CDM
79.382
lPt1 MEAS V OUT G DOT
TI mE TIME (VDC)

1.981 6.2si .o25832 1 .662af
..43 3.184 .82519 3.3
4.a55 -.16 .825287 4.90727
3.359 8.647 .J24036 6.539157
...471 1.332 .02587P 7.853a8

7EANY
ill1'
SEP# .................... AXIS............... NULL VOLTS ........

EPTER I FOR CCV ROTATIOt; -1 FOR CQ ROTATION 71
72.542
"UIJ ,"PEAS V OUT G DOT
TIME TIME (VDC)

I 8.781 3.178 -. 8283P5 1.788(P
5. "R 1.644 - . o83 75 3 .3 77P2
3.! 8I 1. 127 -. 82$707 5.02373

.988 .86 -.82585 0;. R59K4
p.415 .7$1 -.42982 8.2.3975

C ADY

.... ... .................... AXIS .............. I'ILL VOLTS ........

ENTER I FOR CC.8 ROTATIONI -1 FOR CV ROTATION ?-I

72.53a
')8lfl PEAS V OUT G DOT
TIME TIME (VDC)

18.741 3.3R .313099 I.K94R3
5.P[2 1.649 .3135:4 3.39591
3.974 8.13 .813593 5.0373

OP P pl?7 .31338K r .Q,7 47

.4!.P. 13399 T.r3gig

.A7y JERK DATA
TABLE 3 •5.•2-XlV
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NADC 80081-60
RUNI
ENTER I F0 CC', ROTATION; -1 FOR CV ROTATION 71 S/N 373 R - o in.

,lUN lEAS V OUT C DOT X ad Y Axis
TIME TIME (VDC)

1 .ap 9.214 4.9292 2.57571
'.03 4.647 4.9494 3.14090
4.338 3.17 4.9285 4.69044
3.034 2.337 4.9387 6.24258
P.445 1.898 4.9487 7.74642

.lADY

ENTER I FOR CCV ROTATION; -1 FOR CW ROTATION 7-1
77.5aa
.luN t'EAS V OUT G DOT
TIME TIME (VDC)

12.06 9.244 -4.6372 1.57048
6.J49 4.662 -4.0382 3.1311
4.a52 3.117 -4.638 4.67423
3.345 2.345 -4.a389 6.22003
2.453 1.904 -4.0391 7.72110

.!EADY
flulN
ElITER I FOR CC' ROTATION; -i FOR CW ROTATION 71

lUll tEAS V OUT G DOT
TIME TIME (VDC)

11.794 6.207 3.2338 1.6059
5.902 3.113 3.229 3.2:938
3.955 2.103 3.243 4.78887
2.973 1.589 3.235 6.37097
2.393 1.277. 3.2197 7.91475

,'EA DY
7 UN

EVTER I FOR CCW ROTATION1 -I FOR CV ROTATION ?-I
?5.j1a
ntill "EAS V OUT G DOT
TIME TIME (VDC)

11.888 6;.20 1 -3.2058 .;04
5.922 3.123 -3.2031 3.19824
3.P67 2.11 -3.2183 4.77439
2.983 1.594 -3.2117 6 .34932
!.4 !.281 -3.195 7.89167

1EADY

.'ITER I FOR CCV ROTATION; -I FOR CW ROTATION ?I
?R.ioj

lUll lEAS V OUT G DOT
TIME TIME (VDC)

II.5 3.116 1.539 1.64090
5.77 1.591 1.5486 3.28r5
3.864 1.077 1.543 4.9016
2.905 .82 1.5394 6.51979
2.34 .673 1.5544 8.0940

1EADY
lUp
ENTER I FOR CCW ROTATION: -I FOR CV ROTATION ?-I
?72.51
1U.1 fEAS V OUT G DOT
TIME TIME (VDC)

11.54 3.126 -1.54 1.64125
5.79 1.596 -1.5473 3.2711A
3.878 1.28 -1.5442 4.38399
2.$116 .822 -1.5425 6.492
2.348 .675 -1.5561 8.04644

.7EADY JERK DATA
TABLE 3.5.2 -XV
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NADC 80081-60

ENTER I FOR CCV ROTATIOl!; -1 FOR C!J ROTATION ?I S/N 373 R 0 in.

?7.53 -. 2N
lull1 MEAS V OUT a POT Z Axils
TIME TIME (VOC)

1^,.072 9.1156 -.054157 1.56697.
6.177 4.69 -.35421 3.11667

.^.JR4 3.15 -. 054414 4.63761
3.081 2.381 -. 054394S 6.14735
2.49 1.941 -. 054896 7.63643

'ZEADY
iUN
ENTER I FOR CCW ROTATIOll; -1 FOR CW ROTATION 7-1
77.5a0

MU EAS V OUT G DOT
TIME TIME (VOC)

12.113 9.287 .016955 1.56361
6.356 4.663 .016281 3.12748I4.056 3.118 .1615863 4.66M6
3.349 ^1.346 .01644 6.21187

2.456 1.905 .016551 7.71173

ENITER I FOR CCW ROTATION; -1 FOR CW ROTATIONI 71
?!%.330
Rut) MEAS V OUT G DOT
TIM1E TIME (VDC)

I1I.F28 6.223 -.340132 1.601p8

5.953 3.155 -. 039501 3.18159

4.JO3 2.146 -. 539996 4.73145

3.32 1.632 -.040111 G.P7152

2.439 1.32 -.039936 7.76548

"EADY

V ITER I FOR CCW ROTATION; -1 FOR Cw ROTATION ?-I
?5 .100
lull 'EAS V OUT G DOT
TIM TIME (VOC)

11.369 6.244 .015467 1.59575
5.932 3.1^4 .315383 3 .19295
3.975 2.111 .01532 4.703478

.881.595 .015043 6s.33869
n.405 1.282 .015255 7.87526

!EADY

EIITER I FOR CCW ROTATION: -1 FOR CW ROTATION ?I

lIt MEAS V OUT G DOT

TIME TIME (VDC)

11.572 3.16 -.023495 1.63671
5.825 1.634 -.023523 3.2515

3.917 1.12 -.023523 4.83533

2.9&56 .063 -. 023544 6.40731

2.389 .716 -. 023518 7.9t8

RiEADY
~?WI
VIlTER I FOR CCV ROTATIOL1g -1 FOR Cw ROTATION ?-I
?2 .5331

RO EAS V OUT G DOT
TIME TIME (VOC)

11.611 3.316o .007952 3.633231

5.904 1.597 .0G78 3.P6327
*3.998 1.081 .307749 4.R714

.923 .823 .2197719 6.47964
2355 .616 .907778 C.04946

ICAPY JERK DATA
TABLE 3.5.2-XVI



NADC 80081-60

.232 3-" .~ s
S.EPD ......... A S ........ ULL VOLTS.-.1iUE.

tTE' t Fort CC'. POTATIO13 -t FOR CU ROTATIOPI ?1
77.5414
12'tl :EAS V OUT G DOT
TIM4E TIME (VDC)

2I.40 9.295 4.7724 1.5591
K.3e, 4.675 4.779n 3.12246P
4.37,3 3.1.6 4.793! 4.65314
3.J6 C.351 4. 742p5 .18954
n.460; 1.939 4.779 7.615345

.EAPY
';ill
ZPO .................... AXIS .............. tULL VOLTS ........

Z1ITER I FOR CCW ROTATIONI -1 FOR CV ROTATION 7-1

77.506
3UW lEAS V OUT a DO?
TIME TIME (VtM)

1 :. . 16-2 9.299 -3.99, 1.55731
6.1j) 4.69 -4.8001 3.1441
4.1js 3.136 -4.3005 4.3534
3.371 2.359 -4.11906 6.16737
.473 1.915 -4.001 7.65172

.5EPP .................... AYIS............... NULL VOLTS ........

E'ITER I FOR CCV ROTATIONs -1 FOR CV ROTATION 71
?.5 .3.33

m'1 MEAS V OUT 0 DOT
TIM.Z TIM[ VVC)

11. 7 6.217 3.1297 2.592
5.967 3.131 3.191 3.17412
3."R 2.116 3.14a4 4.73737
3.05 1.99 3.1346 9.30263
n.4? 1.265 3.i20 7.1.645

7EAVY

SERV .................... AXIS .............. NULL VOLTS ........

ZftTE I FOR CCV ROTATION; -1 FOR CV ROTATIOP 7-1

,till EAS V OUT G DOT
r 11E TIME CVDC)

1 .-138 G-238 -3.1436 1.58653
5.96 3.142 -3.14J4 3.16435
4.312 2.123 -3.1546 4.72024
-.J2; 2.6414 -3.1474 6.27984
4 1.289 -3.1324 7.?0066

1EADY

SE ..................... AX-IS............... NULL VOLTS ......

Z2TR I FOR CCV ROTATIONI -1 FOR CV ROTATION 71

RUN MEAS V OUT a DOT
TIWIE TIME (VDC)

11.658 3.135 2.53 1.92494
5.847 2.6 1.51 7 3.23977
3.917 1.083 1.5974 4 .3533
..P45 .825 1.5049 6.431.4

. . -76 1 .123 ?.98482

lEAf)v
:11111
SER. .................... AXI.............. NULL VOLTS ........

t2R I FOR CrC' ROTATtOv!2 -I FOR CV ROTATION 7-1
'cm,

";)u' '6A V OUT G POT
TI'E TIME (VDC)

11. 09 3 ,.5249 2 .91S94
2.601 1 ,6 :12.53316 3 .22723

3.932 1.7 -,33 4 ICR
.955 .27 Sr.i7 t.34

.. ;9679 -. 47 7.957401

py JEK DATA
TABLE 3.5.2-XVII
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3-20-80 R - 24 in. NADC 80081-60
FER# .... A ....... 01S. Z...... V ULL "LSj1W

2E1TEn I FOR CC'J ROTATION;g FOR CW ROTATION ?I
77.525
III 111:EAS V OUT C DOT

TIVTTIN~E (VDC)

f.ir3 -.. 675 4.7615 3 16'
4. J72 3. 125 4.7441 461.

.32*!35 ) 4.7!7r' 4~. 1P95 4
! .469 1.9p 4.7F3r! 71',.4

16 AI)Y

SE 7........... Ar ....... t'LL VOL TS.....

7' I FOR CCW .10TATIOt); -1 FOR CW ROTATION ?-I

77 .5j
IW EAS V OUT G DOT

TIm'E TIME (vDC)

116 9.299 -3 .9989 .55 73
.14.69 -4 11.1149

4.2186 313 6 -4. kw33 4.63534
3.071 L.35, -:4303 &.16737
... 473 1.915 -4.3001' 7.65971

S£O............ AXIS...............DVULL VOLTS ....

-- ,lI FOR CC.4 IOTATIOII; -1 FOR CW ROTATIOF' 72

lEAS V OUT G DOT
TI'E TIME (VDC)

6.2Q9 45151 3.1263 1.59199
5.1 K7 3.131 3.1245 3.17412
3.998 ".116 3.1397 4.73737
3.304 1.59C 3.1343 G.30493
.42 1.285 3.1175 7.F.245

SZ-10.................... AXIS............... tULL VjOLTS ....

7!TE8 I FOR CCW ROTATIGHI; -i FOR CW ROTATION ?-f

c5.).5

l' EAS V OUT G DOT
TIC TIME 1:5865

4 .123 :3 :1523 4.726384
j". 1 "4 -3.46R r:.7934

7481,S89 -3 .1301 7 .S226

SEP#..................... A,-,I S..............DPULL VOLTS ....

EfITER I -OR Cr4 ROTATIONI; -1 FOR CW ROTATION 71
n.505

it! NEAS V OUT G DOT
TIME2 TIME (VOC)

11.659 3.135 1 .5W4 1.G245
5.F47 1.6 1.9129 3 ..n3 9,7
3.P17 1.333 1.52 4.R3533
f!.!45 .825 1.5069 C.43124
.37:! 0;77 1 .5e.1P 7.9R4sp

'fir:
3E8 ..................... AXIS............... VILL VOLTS ....

VSTER I FOR CCVj ROTATIONI; -1 FOR CW ROTATIOII 7-1

* .1'S ~AS V OUT G DOT
TIf'E TIME (VIIC)

11.699 S.145 1.533829
5ra1.6.16 -2.5325 3 .,!72713

2.3 .587 -. 72 4." 1 l19
'%i55 . S'!7 -2.5:!59 r.43t4A

:SA-1.5419 7.95799

FAI)YJERK DATA
TABLE 3.5.2-XVII



NADC 80081-60
-20 3-40U I24 In.

irp ......vs........AXS ... t ..... OLL VOLTS.AA.J.PW

E:ITE2 I FOR CC'J ROTATION'; -1 FOR Ci POTATIOfl 71
•?7.53.

'AS V OUT , DOT
TI TIME (VDC)

I2.149 9,2D5 4. W9 I .558911
&.4111 4.675 4.7734 3 .114CP

472 3 .I n 4.750S 4 .A5 I P
3.36q 2.351 4.74 1

n  
6.18954

2.464; I.9J9 4.7777 7.69J45

!EADY

.................... AXIS .............. NULL VOLTS ........

2TTER I FOR CCV ROTATION; -I FOR CV ROTATION 7-I
ICDR
77.502
lull lEAS V OUT G DOT
TI E TIME (VDC)

1 2.162 9.299 -3.999 1.55731
6.131 4.69 -4.3901 3.13441
4.d86 3.136 -4.021114 4.93534
3.J71 2.359 -4.8005 6.19737
2.473 1.915 -4.g8a9 7.65871

'EADY
RUN
SERO .................... AXIS..............NULL VOLTS ........

ENTER I FOR CCV ROTATION; -1 FOR CV ROTATION ?I
?5.330
71)N HEAS V OUT G DOT
TI4E TIME (VDC)

11.998 6.218 3.1301 1.5918s
5.967 3.151 3.1312 3.17412
3.998 2.116 3.1444 4.73737
3.336 1.599 3.1397 6.302173

.42. 1.285 3.1225 7.92645

7EADY

SER# .................... AXIS .............. NULL VOLTS .......

EMTER I FOR CCW ROTATION; -I FOR CV ROTATION 7-I

?5.333
1U1 N ,EAS V OUT G DOT
TIME TIME (VDC)

11.938 6.238 -3.14-9 I.5RK53
58.6 3.141 -3.14,2 3.1643-
4.312 2.123 -3.1534 4.72084
3...1f I .IJ4 -3.14

7
9 ATf!"94

C4^81.289 -3.1317 Wf

'"EADY
illil
SE .................... AXIS .............. VULL VOLTS ........

ENTER I FOR CCV ROTATIONs -1 FOR CV ROTATION ?I
72!.5do
.. Uf EAS V OUT G DOT
TIME TIME (VDC)

11.959 3.135 1.5033 1.6P45
5.949 1.6 1.51PA 3.23971
3.!17 1.083 1.539 4.N3533
f!.945 .825 1 .5 366 6.43 1 ̂4
'.37! .677 1.5.223 7.9948C

lEADY

SER .................... AXIS.............. !NULL VOLTS ........

CEuTEP I FO, CC'' ROTATIUrt; -1 FOR CV ROTATIOn 7-I

72.5j3
"lilt MEAS V OUT C DOT
TI!'E TINE (VDC)
1l.599 3.145 -1.5259 I.AI 94
5.86,2 1.KJ6 -1.5325 3 .:!7T3

.1. 9.3 1.467 *.23 4.ft1629!
i.955 .9827 1I .5." 06.4394P
:.3' .79 -1.5425 7. 701

'EA 0t' JERK DATA
TABLE 3.5.2-XIX
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NADC 80081-60
: u N 3-ZO 100 R , 24 In.
. IR ...... J81 ........... AXIS ....... ....... VULL VOLTS..-.,,fK

.i:TE I FOR CCj ROTATION; -1 FOR C14 lOTATIOtj ?I

W*, iths V OUT G POT
TIE TIME (VII()

1".149 9.-95 4,759 I.5573I
il 4.6S75 41577" s 3,134

443 3:(^6 4 741 4: !15 J1

3.1f !.351 4.1 r.'954

AA .79rYrp

I-'l'

!E70 .................... AXIS .............. NIULL VOLTS ........

.OTER I FOR CCJ ROTATIONO; -1 FOR C ROTATION ?-I

?7.5aj
r47 JEAS V OUT S DOT
TIM'E (VPC)

1..6? 299 -3.9997 1.5731
0;.d 4.fis -4o R Nis .13441

4 :,' 3,136 34 1 4.63534
31..l ..59 G.3. 1973 7
".473 1.915 -4.0.318 7.651

.E.. .....................AXIS .............. LILL VOLTS........

ZtrTE_ I FO7 CC' ROTATION; -1 FOR Cu ROTATION 7I

:l .EAS Y OUT G DOT
TIVE TIME (VDC)

IIFaq 6.219 3.126t2 1.59t 8K

5.90 3.131 3.1?48 3.1741ft
3 S49 6 -. 53 4.73737

2.4.^ 1.280 3.1158 7.02645

,EADY

5ERl" .................... AXIS............... NULL VOLTS ........

EN1TE I FOR CC'W ROTATION; -1 FOR Cu ROTATION ?-I

75 313

71(11 tEAS V OUT 0 DOT
TlI.' TIME (V .C

S13S3 -. 5146 1 .59K53

5.54% -3 1.145 s .35P

4301 1.JR- 1.077 4.021
3 -11 1.214 -.51355 6.?7014

421I .9 -3 1376 7.,84382

C ZA DY

............................ AIS .............. LILL IniLTq ........

ElITEP I FOC CC- ROTATION; -1 FOR CV ROTATION 1

7.533
RiN r9AS V OUT a DOT
TilE TIME l(lV C)

I I3.69 3.135 1.5046 I.AP45
3.8 l.6 1I.5'34 3.°271?
3oP?1 -1JR, 1.531 4.K3533

.0 .5 . .5m? .43 124
2.37n .676 1.54 07 7.9948p.

'EADY

-? ,*....... ........ ,... AXIS* ........... .CUt!LL VOLTS,,.,. ,,...

E.(,TER I PC!
. 

CCW ROTATIOeI- -1 FOP, C'W ROTATION ?-I
"lcnD

,twI !F AS V OUT r ,DOT

41r- TIME 01) )

I.08 3.145 -1 .5;W 1 otl Ir
5.fo f -,1.34 -13 ,? 713
3.593- I Ar,7 " 1.53 13 4 ,P] ra

.95 5 sta? -1 .5^.79 f;. 4. 
,

?E .A.n JERK DATA
TABLE 3.5.2-xx
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,, NADC 80081-60
!,ti 3-2'r a 2 3.6 in.
SERO ................. .,IS. ......... IULL VOLTs., ,

TIUTEr I FOR CCW ?OTATION: -1 FOR C' PGTATIOMt ?I
; 7 *503

PU1' EAS V OUT G DOT

TIVE 71112 CvtC)

6.1,4 4:7; -..14J.3I 3.J4142 r
4.1 3.69 -.J43357 4.57.527
3.IJ4 E'."55, -.J43747 6. 064
1.538 I.O.2 -. 243135 7.4f!943

nEADY
'tlll

SEtO .................... AXIS .............. DULL VOLTS ........

EiTEt I FOR WCo ROTATION; -1 FOR CW ROTATION ?-I

TU V OUT G DOT
TIME TIME (VDC)

1 R.2J6 9.343 .02,20 1.52597
6.101 4.691 .02129 3.05294
4.8? 3.137 .321213 4.35735
3.J72 2.36 . 3?21 R6 6.06315
!.474 1.916 .a22468 7.5217

'EAOY

'EIP .................... AXIS ..............MULL VOLTS ........

EPITER I FOR CC-W ROTATIUNi; -I FOR C4 ROTATION ?1
?5 ,m)Z
2)11l ,TAS V OUt 0 DOT
TIME TIME (VDC)

11.941 6.261 -.029817 1.55984
6.1 1 3.174 -.J29751 3.09917
4.042 C.159 -.0295R2 4.60812

3.049 1.642 -.9130195 6.10889
P.463 1.328 -.329866 7.5C232

7EADY

SER .................... AXIS............... 1ULL VOLTS ........

-MTER I FOR CCW ROTATION: -I FOR Cw ROTATION ?-I

,1(:1 ;EAS V OUT G DOT
TI, £ TIME (UDC)

11.991 6.281 .908142 1 .5543
'.9NI 3.142 .009412 3.10355
4.Jl ^.112.3 .2168861 4.64257
3.JI6 1.6J35 .09339 ft. 17573
n.4" 1.29 .009494 7.66RI8

'EADY

S..R.,..................... AXIS.............. ULL VOLTS.....

ElITER I FOR CCJ ROTATIOtIt -I ;OR CU ROTATION 71
? .5.5
7"l1 NEAS v OUT G DOT
TIME TIME (VOC)

11.731 3.178 -. 20764 1 .591 R3
5.ppp 1.644 -. 2,P0 3.161I24
3.91 1.127 -.9211;3 4.70235
9.p89 .A68 -.11C149 6.2315n

r.41K .72 -.021186 7.71944

32 ' ................... AXIS ................ ULL UOLTS ........

":ITER F7o CC.i ROTATION1 -I FOR C. ROTATIOII ?-I

Neit# .EAS V OUT G POT
TIE TIVE (VinC)

i i.74n 3.1.8 - .322627 ,.5827
5,P7 1.637 -. 332266 3.173V7
.. 33 I . im: -. 0.11 r93 4. 73 5 I
2.!l56 .9- 03.1 1A. .3 1.

Ka32 -6 JJ351 43 7. Ft f!7 0
A":,Y JERK DATA

TABLE 3.5.2-XXI
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NADC 80081-60
3-20-80R 24 4 I

..... . .. .1 ........ ULL *JOLTS:12...E,f" .

"11TZ7 I .1'.u CC'4 HOTATIOV; -1 -LR C'J 2 ,TATIOl ?I
;7.532

';AS V OUT I POT

T 11 T II": (VDC)

Il.165 9.31i - .33 i, I..3579
, ^% 4 .676. - -J3 I11 N 3 . 71 7P

. I r 3 .169 4 r345r

::.1 .-2'9395 ,.V)934

-!A flY

n.,. ....................... ;I S .............. NULL vnLTS ........

!' 17 CC' ieTATION; -1 FO.'7 CW ROTATIOI 7-I

?7.53JI-

"111, IEAS V OUT ' DOT
T E TI ME (VDC)

1.:!J5 9.342 ia 14416 e IOW4
K.144 4.733 .31336R 5 P~f77
., X.7 3.137 [11595 4. PPT.5

.)7f "3f; .3111 6.47754

2..74 I.P16 .if 6Pr. 1. 34325
.-: " ..... ,..... ......... A,I .............. V'ULL VOLtTS ........

--7]TC7
, 

I F COC' ROTATION; -I FOR C'd ROTATIOtl ?I

UP 'EAS V OUT G INOT
'
TIVE (VD)

1 1 .941 C1.261I -. P3 7!T1 1 .666;44

5.967 3.132 -. j26 5ft 3.334,4

.' 1 2. 159 -.J!693 4.92428
3.349 1.64 -. 028136 6.5064
?, .4nl 1 025 . 3!44 1.21933

,'

727'....................AXIS...............;ULL VOLTS.......

27TZR I FOn CC'-4 ROTATIOI; -1 FOR CW ROTATIOI ?-I
?I'P

?7;.Jj3
'EAS V OUT 3 POT

Tl'E TIVE (VIIC)

! 1.9111 6,-a1 409/149 I .99.s

, ..3 3.11 4 .3589 3.3

4,.7I2 2.23 .303P55 4.959r7
1 .65 .03W7 4.59562

". 91.25 .88234 2.19226(

. . . . . ..................... A"IC..............r1ULL "OLTS ........

CT:'TE7? I FOP CC'I ROTATIO; -1 FOR C' ROTATIOf! ?I
72.53Wr' "EAS ' OUT G .OT

TIME (VIpC)

1 1.731 3.1 7 -.023852 1.7006P
5 ft" 1.644 -.020664 3.37729
3.9ri 1.127 - jr!2n 5 aP.3 73

9.1367 - JP"Kp6 6.659C4
1.4 15 . *.211176 73974

E;.................... AYIS .............. IIULL VOLTS ... ,..

C'TZI
, 

I rO' WEA ROTATIOI'; -1 FO2 CV POTATIOJ ?-I
lCD'!

'IEA V OUT G DOT
T I P- TI'Z (Pc)

1 1 .742 3.1 .:.6 -. 833379 1 A9449
5.1I 1 .4.9 -. J33 477 3.3 K537
A.933 I ,.3 . J53 G 5.39J'S
:,.*5 .Zt; -.J.IK34 4, 73173
' .321f .r ,. J36P ,.35 741

'7 DY JERK DATA
TABLE 3.5.2-XXII
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NADC 80081-60

E14TER I FOR CCU ROTATION; -1 FOR CW ROTATION ?I S/W 39 R * 0 in.
77.503 -ll.84v
nUl lEAS V OUT G DOT xandY Axis

TIME TIME (vDC)

12.3p 9.214 4.7526 1.57571

6.03 4.647 4.7649 3.140996

4.038 3.117 4.7476 4.69044

3.034 2.337 4.7301 6.24258

2.445 .898 4.7655 7.74642

2EADY
," U r'

ENTER I FOR CCW ROTATION; -I FOR CW ROTATION ?-I

?7.50J
fUN lEAS V OUT G DOT

TIME TIME (CVDC)

12.361 9.244 -3.9969 1.570135
6 .049 4.662 -3.9981 3.1311
4.,51 3.117 -3.9984 4.67539

3.045 .345 -3.9986 6.22003
2.453 1.904 -3.999 7,7211I

7EADY

VITER I FOR CC'V ROTATION; -1 FOR CW ROTATION ?1
?5.304
UIN rEAS V OUT G DOT

TIOE TIME (VDC)

11.766 6.181 3.143 1.60945

5.932 3.113 3.1414 3.209 08

3.955 2.103 3.1538 4.78087

2.973 1.5a9 3.147 6.37067

2.393 1.277 3.1"8 7.91475

"EADY
'SUN
'lTER I FOR CCW ROTATIONI; -1 FOR CW ROTATION ?-I

!TW? EAS v OUT G DOT

TI NE TIME (VDC)

11.808 6.231 -3.1641 1.604

5.9..2 3.113 -3.15C 3.19824

3.968 2.11 -3.1724 4.77318

-. 8?9 1.594 -3.1653 F.35144
..4 2.281 -3.1492 7.R9167

IEADY
.-ITE. I FOR CCW ROTATION; -I FOR CW ROTATION ?I

72!.500
'UN !EAS V OUT G DOT

TIrZ TIME (VDC)

I1.5 3.116 1.5121 1 6469f

5.77 1.591 1.5197 3.2R25

3.F64 2.377 1 .515P 4.90166
P.905 .82 1.512 6.51979

2.34 .673 I .5258 0.09402

'EADY

V TER J FOR CCW ROTATION; -1 FOR CW ROTATION ?-I
?.Ul fEAS Al OUT G DOT

TlIE TIME (VDC)

11.542 3.127 -1.5379 1.64096

5.79 .596 -1.5434 3.2716
3.t79 I2.J8 -1.5402 4.RR39
•.911S .82C -I.536 6.4952

P.348 .675 -1.5512 0.06644

!EADY JERK DATA
TABLE 3.5.2-XXIII
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NAC 80081-60
ZNTER I FOR CCJ P)TATIOV; -1 FOP C'4 ROTATIOV ?1 S/N 381 R - 0 in.
?7.50J -13.2W
ILI .!EAS V (JUT G DOT Z Axis
TIME TIME (VDC)

2.375 9.2K9 -.-W90.3 1.50853
6.372 4.69 -.01?42 3.11924
4.381 3.15 -.019491 4.6413P
3.078 ,-.381 -.318446 6.15335
r.488 1.941 -.018582 7.K1254

lEADY

ENTER I FOR CCW ROTATION; -I FOR CW ROTATION ?-1
? 7.5 33
R'UN :IEAS V OUT , DOT
TIME TIME (VDC)

12.104 9.287 .001857 1.56477
6.35 4.663 .080 763 3.13058
4.J94 3.16 .302322 4.62628
3.J46 2.346 .82044 6.21799
2.454 1.905 .01189 7.71 CO

READY
10M
EITE. I FOR CCW ROTATION; -1 FOR CW ROTATION ?1
?5.2100r
',1N EAS V OUT G DOT
TIME TIME (VDC)

11.811 6.224 -.018234 1.63359
5.945 3.156 -.018204 3.18587
3.998 2.147 -.019325 4.73737
3.315 1.632 -. 31l 173 6.28192
2.43 7 1.3C1 -..618311 7.77185

READY

ZNTER I FOR CCW ROTATION; -1 FOR CW ROTATION ?-I

lUl IEAS V OUT G DOT
TIrE TIME (VDC)

11.351 6.244 -.2103791 1.59818
5.95 3.166 -.034055 3.17519
3.969 2.111 -.34192 4.7719F
3.225 1.637 -.00441 6.26116
2.432 1.282 -.004596 7.8851

READY

ZNTZR I FOR CCW ROTATION; -1 FOR CW ROTATION 71
;2.503

;U EAS V OUT G DOT
TIrE TIME (VDC)

11.545 3.16 -.316271t 1.64354
5.11 -' 1.634 -.016278 3.25877
3.908 1.12 -.016449 4.84647
2.949 .863 -6..1557 6,42252
2.383 .716 -.816421 7.9479K

READY
101!
ENTER I FOR CCW ROTATION; -I FOR CW ROTATION ?I-
?

STOP

?EADY

S"I!TE2 I FOR CC'4 ROTATION; -1 FOR CW ROTATION 7-1

lul! "EAS V OUT G DOT
TIME TIME (VDC)

11.595 3.17 -.009092 1 .634l 7
5.79 1.597 -. 39357 3.27110;
3 .'I. I.J82 -.039538 4.SC144
f.91 7 .323 -.JJ9621 6.49297
".349 ,676 -.3090;97 r..03JI

JERK DATA
READY TABLE 3.5.2-XXIV
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NADC 80081-60

3.6 Acoustic Sensitivity

3.6.1 Test Setup and Procedure

The sensor units were mounted (one at a time) on a cantilever beam
(aluminum channel) and positioned in the throat of the acoustic chamber.
The jet axis (X - axis) of the sensor coincided with the direction of
acoustic wave propagation and with the horizontal centerline of the chamber.

The unit was energized and a series of eight acoustic pulses (approxi-
mately 155 db for 10 seconds) were applied to the test area. Three micro-
phones were placed within the test area under procedures outlined in MIL-STD-
810C, Method 515.2. The null output of the unit was monitored throughout
testing along with the input to the acoustic chamber.

A test schematic is shown in Figure E.2-1 of Appendix A, Part E of this
report, with the test procedure.

The baseline tests were repeated to discover any anomolies caused by the
acoustic environment. These tests were done as in Section 3.1 of this report.

3.6.2 Test Results

The octave analysis specification for the category D, 165 db acoustic
test is shown in Figure 3.6.2-1.

The calibration of the acoustic chamber is shown in the octave analysis
shown in Figure 3.6.2-2.

The octave analysis for the three microphones placed around the test
specimen indicated an overall acoustic level of 155 db. (See Figures
3.6.2-3 to 3.6.2-5) This level was the highest that could be obtained
for this setup. One of the acoustic drivers had to be replaced due to
failure caused by pushing the limit of the equipment.

The output of the device was recorded on an occillograph. A typical
graph is shown in Figure 3.6.2-6.

The post acoustic baseline test results are shown in Tables 3.6.2-1
through 3.6.2-X. The data is in the same form as the initial baseline test
data.

3.6.3 Data Evaluation

The acoustic environment had no effect on the null output of the device
except for the increase in noise level. All three devices had a pretest
noise level of 6.0 millivolts peak to peak. The overall average noise level
during testing was 12.0 millivolts with no shift in the null D.C. output. The
noise level of the null output was 6.0 milliovlts after the acoustic pulses,
indicating no adverse effects on the Superjet sensor.

120
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NADC 80081-60

The worst case baseline data obatined for the three test units after the
acoustic environmental test is as shown below:

1. Full Scale Rate at +2% Linearity Error 500 +100 deg/sec
2. Scale Factor -.00630 +.00002 V/deg/sec
3. Bias +1.07 deg/sec

4. Hysteresis +0.46 deg/sec
5. Threshold <0.10 deg/sec
6. Resolution <0.10 deg/sec
7. Readytime .071 seconds maximum
8. Drift +.75 deg/sec/min maximum
9. Null Offset +1.25 deg/sec

The fullscale rate increased by 9% on S/N 381 and the scale factor
increased by 0.2 millivolts/degrees/second. The only substantial increase
in the bias parameter occurred in S/N 381 as also shown in the null offset
measurement. The null offset measurements were not taken during the ini-
tial baseline test. The calculated bias (least squares fit) value relates
to null offset which is the voltage measured before the actual test sequence.
Readytime has increased typically 50% over the initial baseline test but
remains the same as measured in the hot and cold temperature tests. The
drift of the sensors have increased approximately 265% over the inital base-
line measurements. This may have been caused by the temperature test
environments.
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* ~INPUT In

10 SECONDS

12KV
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PATL". .... ,CP. T,.ST P1'1A11  ,,816
POST ACOUSTIC HADC 80081-60

DATV I V"2j.80 R~r u BSELINIE
I0 ote ....... o ... o I .....

DTE. ??Zo50R
....... SFR#.. ... ...

2ATE V OUIT V CALC ;F 1. IDEAL
I(, //slC) (VDC) (VDC )

-,S , .3 6, .3111 .3(, -3. 7

- . "35 .f;"2,, .,327 .K49 -3.P53
149.C7,, .> o, .947 .3- .-1793
-I )9 5 f 7 1.231c 1 l r;I .953 -2.3 7

-9.5111 1.5471 1.57r4 .93 -1.263
-F. .47 1 .873 I .29sw9 .74c -1 .^5f
-3,49. 63 .1935 1.,.152- .371 -. 531
-3 9 1 ,1.5 7 .51Q5 - 19 .46
-~ .aP: . . 2. 44 2."3 A3 - .95 ' 1 .: 6
-1at.395 7 3.1J95 3.1439 -1.924 1.929
- I49.15 2.S652 2.349 -. 97( .9
-3.1r: . .5,71 2.519no -'A. •

-, 4 F.,":, '.195C ,2."'53, .,A, - .441
-.2f .3 F 1 .699 1 .f F/ .I3 - I 11!7
-249.5f '5 1.55 1 .5 7 .,44 -1.rD

-I F.r2" 1.2343 1.2617 .P , -^.I74
-1) .735 .9"31 .9471 .7C1 -2.543
-9 1 .1-.3 71 .6145 C3, 7 .57P -2.097
-49.5575 .30PI .31 3 .3r4 -3.245
,.I' 5 7 -.302.r -.311 .1 , 4

'). 697C - .e.57 - .r^5 .. 2.3 .62
14 . - .91 r; - .9399 -. 731 -0.444
I V9.574 -1 .'75 -1 .254F -.2r7 -2.171
' 59.'5' -1 .54,2.1 -11.592 -. -1173

1 .5 C, 9P

899.2 76 -- 1 -1.233 -. 73P -1.I23
349.23 -. I S54 -P.1 923 -.439 -.585
399.11 -2.5155 -2.51 7 IOU, .111
449.133 6 -2.851S -, 2. "175 1773 . Fl

49,2 .989 -3.194 -31142 .49 1.653
.142 * f- 1 -2 . f, 72 1 ,"8 .9
399.1.15 -2.5167 -2.5107 .127 .1r
349.17 -2.1F7 -2.1979 -.344 -.492

I99.31 -1., -f.36 1 -. 59 -1.12
..49.4,"5 -1 .544 -1 .5;91 -. 79C -I .59
1 99.5,'1 . -1.2,293 -1 .25 4C, - .PI -, 1.3,1
l-9.r37 -. 91S4 -. 94 -. 84 -. 5
9.7,3r -. 6103 -.6256 -.4pc -f.435

49. , j -. 3d32: -.311 -.27 -,2.,P73

TEST SUI IflY
FI;LL sCALL RIATE (DEG/SEC): 543
r :AL' ;ACTOR (V/DEG/SEC): -6.3.421 F-A3

RIAS (VOLTS) : 3.35177-,i3
)iY^ITIIRl S, ; RATLES (VI)C): .

I'Y2THE.IM, P08 RATES (VDC): I .577r-, 3
NULl OFFET (VDC): , 771-7.3

TLST FlrP6IE'" 4. /

1'I1: TABLE 3.6.2-1

SCALE* FACTO;' i",'0uA11 ?A
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7AT S fZUSO TEST PROGQAM NADC 80081-60POST ACOUSTIC

TE .IP 
. . 

.. ......

ATL V OUT b CALC 1 s IDEAL FPt
(DE. ".- C) (VPC) (VPC)

-49.94(,p .3054 .31.9 .39 -4.
-99 2 .1 .C1 .6342 . 2;4 -3.225

-149.724 . 173 .949 . 3 -3.41,
199.59", 1 ?'27r, 1.2,14r 1.•071 - ,.95 1I

-4 .5,.z 1.54" 1.5f.35 1 .I05 -2.435
-;943] 1.681- 1.,95 94,,

-349.311 . I r,5 2.2112 .73 - .117

-399 "29 2.5179 2.527 . ('r,3 -. 3 f1.. , 
3 9

-4'9 . IV,3 2.557 2.24" -. 394 .4?f

-49,.9r4 3.199> 3.1572 -1.219 1.344

54, . 8,37 3.5-1q; 3.47247 -. 19 ,

-. c;:.99 3 .2J.4 3.1574 -1 .37 1 .3 C4
-349.27" 2.2589 2..24! -•434 .531

-9 .,! 2.5195 2.5.,(7 2

S..~r7 ,..11 .r44 -I _A13

49.539 1 .544? 1 .5 ?I 1 .... -2 .. 5

-199.C17 1. 313 1.265 . 99 -2.751

-149C7 4 .c199 F46.n -3.1,7

-9M.?371 .C12 3 *,343 r)33 -3 .427

-49•9382 .3Jrf .3129 •347 -3.224
4D .r51 r: -• 3 '2 -. 3119 - .,23 -3 .127

99 7292 -•6.;71 - .272 -. 577 -3.121

1q9.571 -. 9144 -. 9422 -. P -2.242

1M..51 -1 .24" . -1.-5 Z ...9r5

249.'A,9 -1.53"1 -1.5737 -. 025 -•
299.273 - 559 -1 5 -.93 )

3'9.175 -2.1794 -2.2039 -.7W6 -1.11,

399 .075 -2.5-3 -2.5193 -. 317 -. 437

449.012 -2.843P -2.35 .25p .3af,

498.P99 -3.1851 -3. 15 03 .999 1.11

548,.S33 -3.5317C -3.48592 1 .94 1 .?g
4i98 . h,7 -3 .1I G -3 .15 J^ 1 .031 1.177

442.955 -n. 45 I -2.13348 .302 .37

3 ,9 3 -2.51-1 .5193 - .2n81 -. 3 k

349.23 -2. 1 ,3 -2.2043 - . r8t81 -1.341

u99.,75 -1.•5S -1., 5 -.- 7r, -I .,r,13

t 49.4 3 -1 .53!9 -1 .5733 -. 95 -

1 994.4 r1 -12 -1.,576 -. 9,2 -n 4f

S149.53, -. 913 -. 943 - .746 -^.74r'

99.697 - .60f,7 -.627 -. 5,"7 -2.9:5
49 .8504 -. 3,631 -. 31F -.25 -. 77"

TEST SUt'ARY
FULL SCALE ATL PL GSEC): 550

28 ,,2 ,,CO (/riElfE)• -,.32! ,27- 3
;3A4; (VOLT!;) : 3. 1C 1 E-33

,Y-T,* E IS I RA TES ('k/DC): I2.72522-33
1y TF-'1;I , POS RATES (1%'): 2.111,7.-.J3

111).1 OFFSET (\'[kD: r'. "292.1 F 1

TABLE 3.6.2-11 TFrT ,...
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PATE SE1SOR TEST PROGRAt' NADC 80081-60
POST ACOUSTIC

T f. ... ......

: Te. V OUT V GAI.C F S i IDLI. V
(IDEIC) (VDC) (VPC)

-1i9.9- ]1 .3.6f .3137 .49/4 -3 .95r
-99 .1-1,T .61 . r, 9 .75 -,.05
-149.62q .92n .9437 .',6 -6.,"
-199.553 1 .,-3 1 12 .35 ' .17S -I .641
-<'49.5': I.559F4 !.574 .575 -!.9i7

-f' 9 .il 1. ff8,4 -1.2627 .712 -. 47,4
.. 3 ...... , ,... 4, -*576 <

39 .17 .5r 9 2.5199 - .23, 1 .25
-'i9.1-.3 -75 .47 7M .74

5 1 W1f961' 1 . S,' 94 r.! - .891
- .9.5 .5615 1.5744 .549, S I r

r199. 17  1.2395 1 .592 .7642 -1.94lq). 7P Sg3 P. 1 9 72
:Cc), .6P 73 .

-" .-[ , -- r• ',115 .62 ,, ', .Il3- .
-11. C 61 :1i .3 J,.3 .3 1.3 ," .453 r3 .t7
1'9.53 -. 317 -.31' -.574 -1.5

-9 .7,J,! -7.o 03 -.6317 -.451 -1 .F;.
1 .19 .C 61, 1 - 307 - . /7 -i 74 1 I. 7.r
19F).51 f -1 .1.441 -!.1 .622 - .71, -1.44

49 .3 T7 -1.5/"l -S.77 - .57f, -.9
:271 - 1 RAT - .9"!4 -. 5 -.334

349.15(; -9 7 5 -.. ), 7(- .353 .404
399 .0J5C. 1.. 5569 -,,.512 .... n 3, 1 P11,
349.14;3 -InIn 1 72 o ,n 75 .3 F5 .4

-,T8SIPS AE ....) I .4416

,2G99. 8:7 L -I .ff: r -1 .D 94 - . 1 , -5

'130

,- 41," -l.563 f -1 .577 -. 4-. !
191). 4 74 -1 .,045r) -1 ,,:o-r - .

. I. 'e, . -. C4,1 3
I14F,.574 -. 9317 - .94 C,7 -. 594 -1.5F!)
!9.rF 7r, - .6214 -. r,31 r - .411 -I.r3

1 -.[1) 1 -. 3131 - .3 1 r5 -. 135 - 1 1, 1

TELST "it'rARY
FULL. .... A , RATE (,' ,-,-/l.'EL) 4 10 0
"CA#LE "AC'TOR (V/fD,-qE0): - r,.3 1 7, ,3

DIAS (WOLT^) : -lI. ff l)I 6 -03
Iil ATcFo (VWC): -I1.7553r 7 -23

;:LILL OFF-SET (VDGS): -5 I°  . ..

TEST ENINE R,

7EA:I7

TABILE 3.6.2-111
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I
I.

RATE S2"5O;? TEST P2OGRA' AS NADC 80081-60POST ACOUSTIC

DAT..:?7 .-. P ....... . ...SELI
TEr'P. 7p . .. ., k.# . .3 .......

1AT E V ou'T 11 CALC i :7 Z IDEAL.
(PEG/SEC) (flX) (VDC)

-49.90.4: .3.J2 .3 1 r, .534 -4 .;.1o
.8.

9.,7 ..; 91 .633 .P45 -3. fJ5
- 149.6' .9,0F .949C 1 .oi -3.331
- 6.99. 1i 1.2363 1 .26r6 .r, -2.39

-249.424 1 .5570 1 .5831 .p , -1.59
-299.421 1 .8857 1 .9006 .521 -. 723
-3149.27 2.22121 2.2173 -. 137 .177
-399. 1(' 2.5641 2.5343 -1.043 1.176
-449.109 2.9147 2.9514 -2.914 2.219
-399.169 2.565 2.5342 -1.07F 1.215
-349.3,14 P .2223 2.2175 -.169 .P17

-2/19.475 1.56 1 .5834 .rl -1 .47

-1 c9.5f5 1 .23S6 1 .2 665 .97r, -2.2
-14S.761 912 ' .!501 .955 -n.f, r
-99 .799, .1J9 .f3r7 .7C5 -3.447
-49.95 r .301F .31c2 .5.X, -4.524
49.1)529 -. 3125 -. 317R -. 1I86 -1.6r3
9 .75 .5 -. 6rp1 -. 634f -.514 -f.31I
142.61, -. 9303 -.2514i -.7/1 -2. ,"5
199.5.5 -1.2/436 -I .26 3 -.F3 -1.94,
249.4 -1.5r1, -1.5252 -. 5
,..9).. -1 .U - .,- 1 . - .5!7 -
349.16¢ -2.8'152 -,2.,"18 8 -. 1l27 - e-

3 9.. , -, .552^4 -2.535r, .5f. r55
44,.973 -,2. 9 7 -2.2528 1 .555 1 .55k
39 . 197 -,.5531 -I.53 r, 9 .5 *75

349 .,'34 -,1.12163 -,P. .8193 -. 104 -. 131
2 9.334 - .8, l .-1 -.565 -. 5
242.3 72 -1 .5631 -1 .5:51 - .76" -1.3'5
19.5.39 -1 .2451 -1 .Ir;5 -.818 -f.S45

.l9.6;".,' F -. 31 -.2515 -.6;' -. ? 73
99o71,. -.6215 -. 63 15 -.45, -2 *
49.P53 6 - .3132 -.317P -. 15 -1.435

TEST '1,!r1IIA-"
FULL 2CGALZ RATE (DEC/SrC) : 45 0

CAiLE V;ACTO;,8 (V/PFG/,EC): -C.35151.,-.,3
DIAS ('JOLTS) -. 1."p8E-.33

1''TE IS . 1, , :,(2 RATES (V,C): -2.2952.-,3
)YSTF,,ESIS,, P01S RATES (0PC): 1.51515E-J3

. . , Ll. OFFSET (IIPC): -5.55075E-J3

TE-ST ZE I) I E,..R

",.A IY TST , l-I0

TABLE 3.6.2-IV
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RATE ZLINSL,. T:"8T P2,OGRAtP NADC 80081-60

PDATL. ,2.7;-19 ....... Rtl ti. OWN ll.. -

H'p, 72o 50 SE 381
... ... . 0 .. SE P# . o . . . . .

ATi V UIT V CALC IS 9EAL
(DEI.,,.C) (Vf'C) ( UDC)

-49.90C5 .2949 .30)74 .3c -3 .9r1
-99 ..r, 41 .598V .rP1 .642 -3.53('
-- 9 .6 2 .9J55 :-342 .F32 -3 .25,
-1 9 .6M) 1 2.^145 1 ,.4 r. . 75 -. (.77
-249'49 1 .54977 1 .5C] 99 -. ,1
-2>99.353 1.8/453 1 .874 . -I .574r
-349.345 1 .',. 1521 .5 -. 6.,

19.3 1.4161 1.24 '3 . 1 2f5n

-39P•J q.. 1 F- , -,. .5,1:" 1,. . 5

-449.,1765 2296 I . .1C1 -.31 .479
-. 9 .95 3.167 37.12, - .0,3 .199
-54..C 3.50913 3.4435 -1., I .957
-499 .J115 3.16S1 3.13 -1 .1N4 1.1117
-4 49 .1 , r!) 2.. '3 11 ,I-.. "i I f; C", -. 41 7 .511

-399.22.5 -..4977 -.5327 -. 4 -2.1
-3 4.3 16 2.11 -.1 .549 -. ,65
-g99. I. 1 1 .27 1.V753 .2' -1.1i94
-249.5 7 I .5f 94 1.5 7, 7 ,1 .945 -n..7 O

-99.53 1 .256 1.2,. .5 -1.56
-149.715 .9,7 .91344 .V.1 -,.943

39 , -2. -15 -. 33

-4', .. 24: -. 83"" -. 22I .225, .3

-49.9 -5,' .957 .337,2 .333 -3 .2
49.n7 _.3105 . f -23. -  .., .. 957
9.7399!-.51c -.. 5,337 -.541 -,.9R5
149.5,;c -. 1I -. n47 -. 75 -.. 751
199.49C 1.260( -1 .2,317 - .299 -2.47-
2.19.47 -1 .5431 -1.5747 -. 27' -2.907
199.597 -1 .51 -1 .r,:",7 -. 95 -1 .5 r2
149.171 - .2,RO7 -P.I57 -.715 - .969
399 .-5 -,. 51!9 -. 51 -. 24 -. 33

449 ~ ~ ~ ~ ~ ~ f .,'; -,2,1 3 , ,," . .O5 .35
49 S o "1 ' 7 -3 174s -3 .I/ 6 .929 1. .1.4 j
5 4 ,'. F,,'r -3.51313 -3.450144 1. r,4 I .r43
4 9 .9),1 -3.1754 -3.1411,1 .941 1..')3 7

..... -2.,9. .3.14 .3 7,2

399.75 -2. 5 1 . - .5 152 -. 2-4 -_.62
3iil., .197 -2.1 I r -,2..,'0.17 -.. ,,5 "1.914
,1.!) .3 .5 - I1. P6 3,' -I .. .. n 1 - .,Ir, - .4,:1

.49.,37rA -o -1.574 -. ,-.7! -17937
199 .5. - -1 . .2313 - 1 .,26 ,37 - n,,"ln. - ,'.34 "1

149.615 - 92...27 - .947 -. 7.,9) .61,5
99 . (,';5f - .6 ;1-.a 3 .415 -.. 733

4 .,,5, . -.31 1, -. 3,221 -.,231 ,r,2.

TEST StiUI'I"A RY
FUILL 'CALI: 2ATL (F)ES/SEC): 55,3
.ICALE FACTOR 0//D)Cr/SEC) .- -r, .2f75 74 "-.13

BIAS (VOLTS) !)-r. .71-1 .!E-.)3

I'Y2ir. ,..S,, 8ME RATES (V2C): -. 771<A2.-, ,

,Y:8TEESI ';, 1'OS RATAS (VDC): 1 .7 7 "1 3 i-2 3

P lULL OFFf.:T (VPC): -7.P:4173F-33

TABLE 3.6.2-V T,.ST :'.1r fl7FR
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I

"ATE '::SUR T.'ST PROGRA,

DATE.. 3-27-80 ...... R*P~o:., c.oy../L NADC 80081-60

TEMP. 7?0F 5171RH38
E . .... .... .. ........

RATE V OUT V CALC % FS Z IDEAL
(DEG/SEC) (VDC) (VDC)

-49.9401 .2823 .3z112 .34" -4.1-7
-99.9523 .5908 .6154 .51 -3.9,3
-149.807 .995S .9298 .902 -3.r611
-199.571 1.2035 1.24-31 1.047 -3.14,
-249.451 1.5155 1.5571 1.1 -2.645
-"99.419 1.8317 1.8716 1.057 -2.117
-349.291 2.1534 2.1855 .052 -1.4F3
-399.16 2.4805 2.4995 .521 -.754
-449.069 2.8127 2.8136 .025 -.233
-499.964 3.1491 3.1Z77 -.599 .691
-54F.933 3.4877 3.4423 -1.2.32 1.314
-598.751 3.82568 3.75589 -1.Al4 1.352
-54L.923 3.4887 3.44924 -1.23 1.344
-499.306 3.150367 3.128 -. 59, .719
-449.357 2.8147 2.0136 -. u229 .339
-399.201 2.4829 2.4997 .445 -. 669
-349.377 2.1559 2.1I1 .799 -1.371
-299.428 1.8344 1.3717 .972 -1.979
-249.482 1.518 1.5573 1.041 -2.533
-199.617 1.2059 1.2434 .992 -2.983
-149.71 .8979 99 . . F31 -3.329
-99.8337 .5924 .6153 .605 -3.635
-49.9687 .289 .3314 .329 -3.942"
49.8714 -.3157 -.3271 -.303 -3.641
99.7196 -. 6180 -.64Z9 -. 586 -3.526
149.623 -.924 -.955 -.821 -3.294
199.556 -1.2317 -1.2693 -.997 -2.997
249.471 -1.5433 -1.5835 -1.066 -2.563
299.3 -1.8589 -1.8972 -1.013 -2.032

349.178 -2.1799 -2.2112 -.928 -1.422
399.107 -2.5058 -2.5255 -.522 -. 784
448.979 -2.837 -2.8.394 -.064 -. 086
498.87 -3.1723 -3.1535 .5 .631
548.806 -3.51031 -3.46774 1.127 1.232
598.647 -3.84686 -3.78148 1.731 1.735
548.813 -3.51104 -3.46779 1.145 1.252
498.914 -3.1735 -3.1537 .523 .629
449.002 -2.8304 -2.8396 -.029 -.039
399.122 -2.5076 -2.5256 -. 476 -. 715
349.215 -2.1817 -2.2118 -. 797 -1.37
299.324 -1.86,39 -1.8974 -. 964 -1.932
249.469 -1.5451 -1.5235 - .1 -2.449
199.547 -1.2335 -1.2693 -.947 -2.84f;
149.693 -.9255 -. S555 -. 794 -3.111
99.7484 -. 6.001 -. 6411 -.556 -3.345
49.r47 -.3165 -. 3269 -. 277 -3.336

TEST SUMMARY
FULL SCALE RATE (DEG/SEC): 6.30
SCALE FACTOR (V/DEG/SEC): -6.294SOE-03

SIAS (VOLTS) : -1.31749E-032
I:YSTERESIS, !;Er RATZS (VDC): -2.6624,E-,3
HYSTERESIS, POO RATES (VDC): 2.0^203E-03ttULL OrFSET (VDC)- -I .... 46E-J,, /

TABLE 3.6.2-VI TE7T ,I IER-............ ",
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NADC 80081-60

RATE 3,.SOR TEST PnOGIAt'

PATE ..-2.0....... - u tj P~t Nq. jkl."II

TPI'P. !°. . .1I . ',#. . .......

RATE V OUT V CALC FS . IDEAL
(DEG/SEC) (VDC) (VDC)

-49.947 .2883 .325S .4 no; -5.549
-99.8404 .5907 .6233 .7n1 -4. 695
-149.741 .8959 .9348 .951 -4.13
-199.58 1.2037 1.249 1.1 3 -3 .132
-249.507 1.5154 1.5637 1.179 -3.371
-299.406 1.8317 1 ."783 1 .137 -2.4f7
-349.36 2.1534 2.1932 .971 -1.8;7
-399.182 2.48 2.5073 .695 -1 .39:1
-449.13 2.8125 2.8221 .235 -.34
-499.311 3.149 3.1366 -.303 .394
-548.893 3.48734 3.45107 -.985 1.Z4R
-599.80C 3.8254 3.76581 -1.454 1.578
-648.60;1 4.15835 4.37999 -1.9p5 1.929
-598.703 3.82631 3.7506 -1.495 1 .623
-548.947 3.48937 3.45141 -.919 I.ac*
-499.079 3.1539 3.137 -.34 .443
-449.116 2.8149 2.822 .174 -.^52
-399.139 2.4927 2.5073 .631 -.979
-349.302 2.1557 2.1928 .986 -I.686
-299.389 1.8341 1.871^ 1.077 -2.33S
-249.507 1.5175 1.5A37 1.128 -n.931
-199.619 1 .235, 1 .2493 1 .fs -3.453
-149.78 .8976 .9351 .914 -3.967
-99.8354 .5923 .6232 .982 -4.443
-49.9547 .289 .3058 .411 -5.349
49.8739 - .3156 - .3235 -. 193 -2.521
99.7332 -.6184 -. 63 78 -.473 -3.,8, F
149.598 -.9238 -.9521 -. 6;92 -3.037
199.495 -1.2314 -1.2Z.S667 -.86 1 -2.836
249.447 -1.543 -1.516 -.942 -2.455
C_.99.307 -1.8584 -1.7959 -.914 -3.99
349.182 -2.1792 -2.21j3 -.759 -1.413
399.495 -2.505 -2.5249 -.497 -. 79.
449.351 -2.3is -2.8398 -. 393 -. 135
499.907 -3.171; -3.1541 .423 .551
54G.;33 -3.5095 -3.49979 .993 1.177
598.754 -3.84584 -3.7S340 1.522 1.52
648.63 -3.99415 -4.09789 -2.532 -2.537
598.801 -3.84693 -3.78378 1.539 1.67
546.83 -3.51Z74 -3.46877 1.024 1.213
498.943 -3.173 -3.1543 .455 .592
449.346 -0. 379 -2.8398 -. 347 -. Z(67
399.165 -2.5,71 -2.5254 -.440 -.727
349.209 -2 .214 -.712 -1.329
299.303 -1.8635 -1 . 8959 -.8 62 -1.137^
249.435 -1 .5448 -1.5815 -. 195 -2.333
199.539 -I2.233 -1,267 -.S^5 -2.687
149.547 -.9254 -.951S -. 644 -2.8
99.7281 -.699 -.6379 -.435 -2.837
49.0469 -.3165 -.3233 -. 167 -2.17^

TEST SU~I"A2Y
FULL SCALE RATE (DE2/qEC): 653
SCALE FACTOR (V/DEG/SEC): -f,.333PIE-33

BIAS (VOLTS) : -9.10134Z-03
HYSTE3SIS, ::G RATES (VDC): -2.64645E-33

HYSTERESIS, POS RATES (VDC): ..12765E-03
N)ULL OFFSET (VDC): -.012814

TEST Ell G EE ~ ky,

TABLE 3.6.2-VII
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RAT- ,LJ' ( Iso ;?OhA,: OUTPUT P2IFT NADC 80081-60
POST ACOUSTIC

TIP. L0p BSEINTEM"P...o ° . . ..sx ee e.oe.. .......

OUTPUT WtIFT IP 15 !EC IPTEPVALS
L.ATL 1EAe! CAL- FAC:TOr

(DEG/f;E ) VDC) (VOLT/P-,/ )

797 J. 1.d4 2 6 r J17.17E- ,]7

9 7) ..r, 33 I . 441 . .

1.. F -3 93 r, ¢.3." r5..- ,

99. r2 .5 .4545 C .J55 7r --. 3

19 , 597 I :14A4 . i r A 3 F-.:,- .13

199.571 1. 1503 . .,1 , 0 3
99 .59," 1 , , ,..19737 --. ,!

S9 C, n . I non I.1 17 E d

•F- 6o ', 1 ,3 7 1>. S4 5 5 2- V

9 F. 1.43 45 .15,74'_-.,3
19.V3 45F . 5 2 - .3

S4 73 17195

99 9. ,../W5 711 ,.2'd i[-.,'I

q14 3.495 77 .5 1 "-

~!UL1 25S~ ('9) 1) 1 r --23 i.. ) 5 4¢,: 
"1 -3"• '"

49 Z 3.f ,1 14 1 .35 l-3

49 .,,5 3. 1 73 4Pc .35 ° - 3

... ,. 3.17755 7 7- : "

4 9!" J ' 3 .1 7.1)-,1 .3 7,°f - 3

f UL1. 0FFISE T (VD(; 2,. 7013r. Z-.3

TABLE 3.6.2-VIII
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RATE ... l.0,*" P,O(,,,Arl: OIITPLIT P2IFT NADC 80081-60
POST ACOUSTIC

A TIE . .7 - 0...... I" I% ,FWK ....
TT...'P..72.°F, , •50%RHt SE R# ... 3 . .••

()ITNI'T DRIFT 1I1 15 Su.G INTiRVALS
"ATE EAI' SCALE FACTOR
(1 EG/SC C( VC ) I / LT /11 CG/SEC)

C" \'JCo,, .5.99355 C.2,43 "

oc 111 J P.5 C2 175

S1 . P91 r. I

1 '02 ,.153 C,.]?£13 ! 11. ]3

I<. l .2191', ,.l l :-.-.3

1 .22.05 5 r, o14 5 1 "F-23

I F64 1
1"q. '. ,-'-',I .,....715| 3Kg -L

,7,:- .,I

;". C 3 . I.', ,.3I 7CA.. . .

"'' ~~ 34 n, 'I.'7 ,5 r .'4,33 -;

4 .. 7 1 . 715 r. 5.,7

3' 19 32.53 14 rC.34 13 72-.13
3'. ... 1112o.'41I'l 7 1 1 .3 6 5_1 7 .s- :..

3, o '172o54.-,1 r, 77"79: -,13

. f, 1 11.." .. 4F , .3 7 7 r., .- ,E,3

/3 o.1C C.l o 5 rF-

,il'L OFFSET C 4 P7 - 1 " "

TABLE 3.6.2-IX
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RATE SZlLSO2 PROGRA1: OUTPUT DRIFT NADC 80081-60
POST ACOUSTIC"ATE. .327-8 ?j tiBASELINE

rrPlj./Z; 0 F 51ZRH 38

uWITJtIT DRI FT I M 15 FC IIT,-RkI.AlS
AT i, [-A."SCAI- L FACTW?

(DEr/SEC) (VDC) (LTS-,/,DE ,c G --. )

9 .o4 r . r.5,5 5"FI
99.4,66 .5f!,3 1 5. 71 .31 F-3

.C57333 5. 7.4 7!- .3
99. 479,, 5 .1..5 5."7!r3E-3

190 ' C 1 .1924 ; 5.)r3 I CE- ',3

. I..?.5)

I c F e: ... I .1 4.4 5 .9 55 1 E-33

199.1,W 1.145fi7 5.I731I.'-:-23

1'1 589 1 .16(57 5.q0513E-V

, 3 .3 5. 4 P 7- .,3
)9 .13 1.. 41 7 5.75 5,-",13

39 5.1 ,";7,'. c4 6 1, F7 f,. 1 77 E 3
2 7 1ic leP1 , r 17 • 1 • E -i3

49g.45 .115457 1?5 . -
499 odd3 3.1C3I 4,? ,r55.

499. 34 3. 13445 . ,'rP 4Z-Z3
499.03, 3.135 R4 C) .I3 75E-,.3

LULL OFFSET (VDC): -1).57715E-.I,

TABLE 3.6.2-X
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NADC 80081-60

3.7 Vibration

3.7.1 Test Setup and Procedure

The Superjet rate sensors were individually subjected to a sinusoidal
mechanical vibration along each of its mutually perpendicular axis as de-
scribed in Figure B.2-1 in Appendix A, Part B of this report.

A test fixture was fabricated by the environmental lab to accept the
hole pattern of the Superjet assembly. The test fixture was installed on
a test cube that is part of the C-60 vibration test set. A control acceler-
ometer was mounted on the test fixture to monitor the vibration input along
the vertical axis of the test set. The unit was then mounted on the test
fixture. The 2222B accelerometer was mounted on the unit along the sensi-
tive axis using Eastman 910 adhesive. A resonance search from 10 Hz to
3000 Hz was conducted at 3 g rms to find the three most severe resonances.
This part of the test deviates from the test plan which describes the search

from 10 to 5000 Hz. The maximum frequency available at the Martin facility

is 3000 Hz. MIL-STD-810C procedures defines 10 to 2000 Hz as the resonance
search frequencies. After the severe resonances were determined, the unit

was subjected to each resonance frequency for a period of 10 minutes at 5.2
g rms. The unit was then tested for the other axes in the same manner.

After the vibration test, the baseline test was performed for all three
units. This is the final test of the program and the results were compared
to the post-acoustic baseline test as described in Section 3.6.

3.7.2 Test Results

A dyna-monitor was used to fine tune the most severe frequencies for
dwelling. The output accelerometer was installed on the fibre cap of the
sensor for S/N 373, and 355 when vibrating the X-axis (jet axis). Upon
removal of the accelerometer the fibre cap of S/N 355 separated from its
bond joint. This caused concern and the accelerometer was installed on a
block on the top of the sensor. This explains the differences of frequencies
established along the X-axis. The accelerometer was continued to a hard
mount on the sensor for the Y and Z axes. The frequencies for each axis and

serial number that were searched at 3.0 g rms and occurred again at 5.2 g rms
are shown in Table 3.7.2-1. Also shown is the accelerometer output in units
of g (gravity)

140



NADC 80081-60

S/N 355 S/N 373 S/N 381

AXIS f Hz g f Hz g f Hz g

605 7.0 605 5.0 605 4.0
X 850 11.8 970 9.8 950 5.5

1075 9.5 1125 7.8 2500 14.0

620 7.0 605 7.2 605 7.0
Y 925 8.2 1000 12.0 1150 13.2

1840 9.6 2300 15.0 2150 9.2

575 7.0 1025 7.3 560 6.0
Z 975 9.0 2225 10.0 1100 6.2

1950 14.0 2650 18.0 2350 18.0

TABLE 3.7.2-I
SEVERE RESONANCE FREQUENCIES

The results from the baseline tests are shown in Tables 3.7.2-I through

3.7.2-XI.

3.7.3 Data Evaluation

The Superjet rate sensor is virtually unaffected by vibration along the
X and Z axes except for a small increase in null noise level.

However, when the rate sensor is subjected to a vibration along the Y-axis,
(normal to jet-axis and input axis), a null shift occurs at a very high frequency.
This was evident on S/N 355 and S/N 381, which occurred at 1995 Hz and 2150 Hz
respectively, during the resonance search. A null shift also occurred on S/N 373,
but this was detected only on the dwell sequence since a sweep was not performed.
A sweep was not performed due to the use of a dynamometer to tune in the
resonance frequency.

The worst case baseline data was reduced to yield the following:

1. Full Scale Rate at +2% Linearity Error 500 +100 deg/sec
2. Scale Factor .00625 +.00002 V/deg/sec
3. Bias +2.19 deg/sec
4. Hysteresis + .56 deg/sec
5. Threshold <0.10 deg/sec
6. Resolution <0.10 deg/sec
7. Readytime .080 seconds maximum
8. Drift +.76 deg/sec/min maximum
9. Null Offset +2.08 deg/sec

Readytime increased by 12% and the bias shifted by 104% on S/N 381.
Since the other units did not change appreciably, the effects of vibration
is predicted to be undamaging.
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,,ATL S AJSOR TEST PRMRAM POST VIBRATION NADC 80081-60

DATE -80 NBAELINE
l)A ~ . ..... ..-7 8 ,"l ..............

T.r,"P50 . 355 H X
Tr .:.........I. SE#.35o oo eoo o oo og,.........

:AT. V OUT V CALF, FS % InETM
(I . L/ () (vDC ) (Vll)"

-49.9zA37 .3Jq .3153 .3e(2 -,.,P7
-CJ75 6 204 7 -3.337

-149.739 .9139 .'41 . - - 9

-.', .Z:7 1 .536" 1 .56C5 .q4R -! .9
-''-9.,, 1 l.05 1 1 . , 7,- .796 -I rP,7,

-34S9.15) 1 . 7!)r ".191l4 .379 - .54,1

-19,..357. 7 5099 C1
9

5 43 -. 177 n
44 .9!75 ,2.,-477 . 74 -. ¢5 1 ..j75

q -1.944

-. /. 3.191 -. 9355 -3.7 22 1 5
-io _13 9 , .9497 11.P177 - . ; 1.1

-1.99.077 2Q.5 1[' 12 ,.5Z44 -.P4' .3034

-34 .2 ,"~ -.IZ, -A.2 M .3 -. 43
-'9 ;.?77 - .3[1.585 1 .371S,7 .27 -|.377

-tn.5~d1.54J3 1.5rr .fZ41.
....s). C-12 1 .E ( I .P537 .f:71 -..
-1:. . r7 . 1'7. "o .7o;7 - P .5,

-99LL SCAL5 0ATE (~16/E C): 5. .
-49 .953,z .3053 .3154 o.3"1!1 -3 "

49. E5T14 - (.312l1 -. 31 .4 -.
Cq I .06", fz,32 -.54 - .73r,

149.593 -. 9126' , .!55F -. 74' -In .4 73
5' /4 P - I -f. 17 - 1.,^4'4 - .F54 -,2.14

. !7 -1.5346 - C 1 5 .1 -. 52 -
,-1J..T .8515 - 1-: .715 -1 9.1

349.112' -n'. 174." -12. 1 1 " - .4.'44 -. 7r

3! .9 7 -:. 5 " 0 , ,. 4994 A 93.!
4 f.,,- 7 - 7.83 (,F - l. I .77c, e, ,4

4 1)!.7 ;7 -3T.1773 -3 .IP53 1.657 1 C.;
.4. ,i " !, -;,. . 3 76 .,1,5 .79q .v9
3', .()q( -'. 3 z -2.4!)6. .12 15

1. 1.

-P. , - .1 75, -, .I 9 - .3r, -.51
,'-1 53,'  " . . -1.2741 -. r -I.113

.114 .3 -I1 .53 r! - 1.56I -7 4 - . 9
1109 .5l. -1 .,, 2.1o, -1 .24F -.211 ,.  -'.Z34
14!).55 -. D9 1/44 -. 9355 -.r73 - I,.,P.'5
!) .. ., 1 f)79, .r13" ̂ -.4 P5 -,2.43 4
49 .F 173 -. , -. 3106g .,23 7 - P.3 7)

TESUT Sti t,'ARY
FULL SCGALE RATE (DPF,/SEC) : 5.1 /

C,Aj FACT()P (V/D)Er/SEC):-.715-3
3IAS 01OLTS) : , .15 5 IE-3

I'YgT~L 110'' R ,ATES (VIG): I .9 '314:-!3

1JlI_ OFFSE T ( VD ): I1.9r,"r7F.-JA

TEST "Mi."~r:F '

"?E I*YTABLE 3.7.2-11
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PATE SiSOR TEST POGRA POTVBAI NADC 80081-60POST VIBRATION

TF!. .7?V... .P1... * .. ....

:.TE ULIT V CALC 7 r FS IEAI..q , ;: / C V1% ) ( %11)C )t

-4! .9 r 3,34.'2 .317., .3q3 -4.33
-F.:43 17 -3 .52
-I S.cf .91"43 . 94 7 .913 -3.4:7
- I.5 5 1 ..223 I .2C15 1 .3F:9 -3 . 1.,I
-;.19.46', 1 .5,577 I .5761 I .1A9 - .4
- 1 -.3" 1 1 .85C 1 0 . 7 1 -1 ... 7
-349.,,5 2 4 ,...054 .719 -I.133
-599 .14 .511 2.52 •15 -. 357
-44'2•F33 .' 4R 2.,q343 -. 3)5 .4 '4
-49 •5 1) 3•1914 3.1493 -1.?1r 1.341
-5 6.7 1 3.54047 3.46357 -2.,?17 ,X......
-97. " 6!( 3.19n5 3.1493 - 1.PA3 1 .371

-4- . q.. .. 4 , 2.2349 - .4,'r .524
-39.11, .512 2.5201 .2,09 - .2,.9
-349.191 ,..1 ,,.7 2 .052 .r47 -1.019

-99.34 I .XS' I.F.90 7 .9 -1 .6p9
-249.494 1.5406 1.5763 1. 03 -I.27
-199.549 1.2267 1 .261I .99f -P.744
-149.65C .917 .9465 .951 -3.126
-99.S54 .6103 .632.4 .63F -3.534
-49.9F43 .3 0 55 .317r .354 -3.292
49.8545 - .3023 -. 312 -. 279 -3 .091
29. 751F -. 6366 - .626 7 -. 5f -3.19n
1!149.5E-; -•.91,".7 -. 9411 -. ,1l7 -3 .011,5

1 9.474 -1 .,,n -I .P55r -. 973 -,2. .s,6
2'49.373 -1 .5351 -1 .5705 -1 .,2 -. 2 54
^99.271 -I .,524 -1.1,53 -. I47 -1.74
34F.1:43 1753 -2.1. -. 727 -1.114
39.9'll -2.5.138 -2.5142 -. 3 -. 414
4 A.2 . F1 ". 832 -1;. C21 . 2 r4 .323

• 3.1 78q -3,.1439 .99Z 1 .1
542'.674 -3.5.484 -3. 4534, 1 .914 1 •919
49 .775 -3 1794 -3.1437 1.d12 1.135
4 4P . I -2..21 I7 .35
3 A9.,-C -. 5051 -2.514C -. 275 -. 37N
.49 .1;7 . 1771 -" I " .0c-......... I 1 -1 F !4 I.'"54 ! . q, - 1 . 14¢"', 09:.3 -1.2 -I 254 - !:,, - .:4

: ,19.,35 -1 .5372 -I .5 72 - .9521 -2.1)1
I . -! .,, 1 . .255 . -. 9,)7 -2.5
1'.574 -. q153 -. 9411 -. 74 -2. 721

7r19 - .6,2f14 - .6,"6. -. 53 -,2.2,.775 - .3034 -. 3121 - .251 -,'2.7r5

T.ST 51I(MARY
F111l.1- 'CALI-. "IA TF ( DFG /,1F-() 55A

,I:AS (Unlt.T-) 33

I Y2qTr:,::;Is, '71 RATES (Vl:): -,.q45 ,-,/
}!VYTjhE2,IS, 1'9101 ;PATES (VPC): 2.594,,/

NlULL ulPF5IET ('I'C) : 2In .,45 735;: 33

T S T .I! I
TABLE 3.7.2-111
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NADC 80081-60A -f,7V 0,RT " T PRP R A t
RAIPOS VIBRATION

NATZ. 9 -. . .. . I . .80Z . .

TU MP. .F . .JqI jl. F, R A.7.3 ....... I

IATE V OLIT V CALC 1 FS ' IDEAL
(1)E/EC) (VDC) (VDC)

-49.55 . 973 .3095 .4f-7 -3.91r
-OO.H51 .63;p3 . .74( -2.9P

-1 9.721 .91,67 (.3 7 . 1", -".345
* -199.614 1.0231 1.2443

-i .4 D 1.5411 1 .5559 .5!1 -.!/47

-3 49q.1 2 P. 1975 2.1 70 5 - .70; P,74

-399 .1 .5372 2.493 -1 .P65 I .Fr9
-349 .In5 o.1I9)73 c). 179 -. 773 1- c5
-"9 . 4 1 6 1 ,R6 P .kS7 7 - 39

-,49.432 1 .5429 1.5555 .514 -1199

-19.597 1.25 1.2442 .77 -1.544
1469.32 .91,4 .9 *7. -2.111

"1 .11 .r, ril,173f-9 .3,. .6A4 .621 .6'? -2.732

-4S.9777 .29,R4 .309C .4, 7 -3.577
49F).f4 5 7 -. 30]97 -.3 13 9 C,9 -1..5

149.559 - .92J9 -. 93F -1635 - I. C
* l( .44' .- 1 .231 -1 .2 ,24 -. 697 -1 .397

2I49.42 -1 .5457 - 1 .5CM, - .5cx5 -
29..271 -1 ., 5 f -1 P7, -. 3
349.13 C -2.1923 -2.1'135 .355 .42r
399 .53 -2.5262 -2.4153 1 .23,9 1.241

349 .1, - F.1932 -. 1 234 .393 .45

'2 .4 1 -1 .547 -1 .5 f .5 -.54 In.r 7

1 9 .5/A7 -1 .;1'34 -1 .4 9 -. rr7 -1.337
19. 3 ..,. .2 -.937 .594 I
9 .7,,9 -. q54 -. 2n  41 -1.6

49.3 3 -. 31.,6 -. 31i -.14 -1 .121

T*C-ST 2L1rIIHRY
FILL. 2CAl.E RATE ()EG/SEC): 4. O

SCALE 'ACTOJR (V/DEG/S"'): -6.24U,,!',-J3'I'S (1.'9.T") : -P.579 !',  7 . -03

Y2T?,,..I i, P. , AT'ES (VDC)' -VP.,,,, 7 -,3
)lYrTC.?EISq 1O., HATES (VDC): 1 .37997E-.)3

ftlILl, OFFSET (VDL;): - 5 .n'52,,15 Z-vM

TEFT E'"GIVE1 .

TABLE 3.7.2-1V
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,"TL. SSI'SOT, TET PRfl,,'A. NADC 80081-60
POST VIBRATION

)AT C... .Rut BASELINE
TE(':P. . ..... ..........

TEIP. 72'!F* 50%RH S,-. .

A T. OUT V C, A C FS !hEAl.
(iFEG/SlEG) (Vl" ) ( VU )

-,8';.53 .'2962 .31I..,, .5164.r';r

-9 '.85[: *. ,)2 ( .237 .234 -3.757
-149.747 ., 77 .q366 l *: 2 -3 .. 172
- 1 . 1 1 ? 9 I 2 0 , 7 -, . 0,'.

-"..9.-, ;; 1.533 1.5r,17 r:- ,
-"99.377 1.('5F7 1 ."747 .53-4 -

-34 9.,'5,' 1 9.1, 1 " , 74 -. 111 . 4,;
-3 .5..Jl - ..(,5 ! 1.151- .8.-.5 .f2759 2.25 -2.246 2.251
-399.11:. .5.2'9,2 ".52 I -1 .,,52 l.1rr

-349.::91 4i.1 1 2.1r77 -. 15.
-,':99.31(:, 1 .;61,2 1 .1743 i5 -. 662-2'$9.453 1.5326q 1.5616, .2'13 -1.467
-199.61 ! .2217 1.2'492 .976 -, 2. ''

-149.7 .C9, 9: . '3 6,4 .943 2 23.
-99.t~i3V . .IV4 .C237 .753
- r49. I -, .2976 .31.9 ./72 -4.252
49.26, -. 3 0i91 -. 319 .21 -J .,5
97399 -. :12 -. ,277 -. 53 -2.9
1.49 .C5 -17 -. P45 -. 771 .312r
19 9 .'139 -1 ., 1 -I ."5 2 -. !-77 .' !
2"q9.3.16, -I .54 2 -1.5'r - - .932

3/0.!. 0. -,".1"77 -2.1912 -. 'i -. 1
399 . Y -2. - .5,1 -2 .5141 . .77
-;i2.97 -2.18 -2.21 73 1 .575 1.579
399 . -13 -v.5217 -2.5243 .r17
34g.]a9 -..1491 -2.19!5 -. A :i -. 12,
299.231 -1 .0633 -1 .2 7f25 -. 537 -

139. 52 -I .54-2 -1.56,3 -. 7,2 -1 .1
199.5-5 -1 .2312 -1 25315 -. 12 -1.255
I.9.5C7 - 9 "01!) -. 9411 - '!I
!'9. ,71) - .6q14C - . ,73 .5' -2 3
:;.1 C 4.5 - .3 1,'l -.3 14 -. I ,1 l.

TZT 7 12ShTA2y
FULL SCALL dATE (DEG31SL) 450

SCAL,' FACTOR (V/DE, .EC): -6.2,991E-,43
BIAS (VOLTS) -2.34913E-,3

,Y.T l .ESIS, NEG RATES (VD,): -2.5 05.!',,- 13
l'Y.,TERE.IS;, ,OS RATEFS (VDC): 2.177795:.- 03

i11'LL OFFSET (VSC): -C.I ''7F-,3

TEST iIA StY

TABLE 3.7.2-V
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NADC 80081-60
RA(T' .,,"r SE ,So!,, TESoT PR 0q. AA'

POST VIBRATION
)AT-. 4-7-80 t'l BAELINE

7M1'. .eQoooe N .0 ,.. o*1*

\, (iT V CALC i"FS . IDEAL

-49 . '7 .22( .7TS 7 3,5 -3.7h7
7 . ,,.., -3r 5,

-I..7¢9 .Fe .. 71 -3.19" ,

-I" I I 1.P3 1.23 qp .( ,5 -2.714
I - .;,411 I .,1--, .J .?Vtr'l.5 .5r'rs -1 .645

-3,'9.1""' . ... Ild 2'.1,P2.  .r,3 -. 9",

-3' .9' ,  ".4rC7 2 .473 , -pllo
- .a9. 5 75 ". 797r. f.7,;49 -. 375 .
- ;eY'.2.7 3.13"  3*"5C !* '" 1 . ,3
- 45 C. ,3 3.4i712! 3.I.4 '14 -.I I 1.953

-C.,. 3.13 " 3.JQ3 -I..222, ,11
-,..'. '. :71 ;.79[:: 2.7,8 3 - .3 q' ,  .4Rl

-39D.13f2 '. .Cq ,.4 741 .17P-.^45"

-3 F...55 2.1431 2.1 .3, .5 -. 925 !V
- 4.99. ,'31 1. 5" I .F<41 -1 .555
- .'1:'3 1 .5 , 3 1 .5 4 1 .95 P -2 .1 4

-1"".599. l .ld?, -2..'. ', .24,# -'2 ¢-
I' ,C 1 n .1 ,- 0 c)/tf c;-I .r

149.7 5 91. .,"!1 .
J 9 , 11!3 .5 " re o f;' 1 ... - I2

49.3 - C .7 .r227 .317 -3.91

9772P1 --. 8577 635 .5 7 33
59.59 -. Q1 27 - ".45 -. 7r -2.F,!

l9".5 -I.. -1 .. 97 -. 233 -1.573
2-9.43 -1 .537 -I. 5( r3 -. ()71 -2.145
2919.5 4 -l.2'f -1.,57 ,  -. C9 -I.r35

7 14J4-.l r - :.1:-, -. 7'5 -. f73,
3' 5 -,.! 7 -2 .5 - .24C -. 3377C, .,2'' 2 " .377

.. ,6 -- 15 - .24 .27.

" ,:3 I., - . 1 . 7 I .. ;7 .

5,14,:. 711 -3 . 5)3,7 -3. 4j3 : 6P I.75r, I .7r
49 ". '453 -.3.o1571 -3.01 ,' c  .9q 7 1 .399

449.. 413,3 - fl M!")3 .3,1 .393

549 .19 - I1¢,97 - 1 .1M.I - .59r, - 93 9

,' : 3 ,15 -1 .535 - I o . 7)3 - .3 -1.54
,49.,12i -1 .5367 I M 9P2

1 c!9.53F, -I . Ylll -1.:/5 74 -. l X91.45 5
14 9. c,11. -. , ,¢ " --. 4 64 -. 7 A5- -,' .. 739
199. C,,5 Il )1 , 11 - .C35 -. 21 - .f 77
49 .91 5r -. 3155 - .3 24- -.27 - .!97r

TEST fSlWI ,'A;?Y
FUILL SCtALE- PAT[.'. (P,/ISEC: 59Z

.qCAILE FA CT(oip r.l-il~ ; r -1.3,?'7
BIAS (VO(LTS) --1 .3 C71, , - 0."

jfY. TE, ... , , RATES (WPC): -!.o 5 5 (,3E-,3
I fY Z:rS I S, I"CS-,A ATES (V~t,) 1 7,l F- J3

PULIIL uF F[T I( , t): - I . P 13 1 19 G- A

3.7.2-VI T F.,T Et I 11"."71 4 k .-- 7-80
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-JAT"I 8Z;:S 2 T1ZOT P.10,'"l"
POST VIBRATION

DATZ ~NADC 80081-60DATZ.. A-7:... ..... ,1u ..: 11.osz6

TE!P. ?2F 50%RH SER# .... 3......

RATE V OUT V CALC Z FS , IDEAL
(DEG/SZC) (VDC) (VDC)

-49.9386 .2 2 .2991 .34S -4.175
-99.19354 .5998 .11 6 .0;0;1 -3.97

-149.&85 .SS99 . 4f .?P.3 -3.9"
-199.571 1.1961 1. 23 63 1.071 -3.221
-249.411 1.5063 1.5485 1.123 -2. 7 2
-299.375 1.8209 1.8615 1.08 -2.114
-349.231 2.1407 2.1738 .s -1.511
-399.1St 2.466 C.4897 .55 -.927
-449.82 2.7971 2.7992 .057 -.376
-498.91 3.1325 3.1113 - .563 .678
-548.747 3.470r3 3.42354 -1.259 1.376
-598.644 3.80909 3.73688 -1.943 1.947
-548.795 3.471"1 3.42384 -1.27#; 1.395
-498w849 3.1342 3.11 9 -.62 .745
-448.995 2.7993 2.7907 -.016 .321
-399.077 2.4682 2.416 .472 -.71
-349.209 2.1434 2.1736 .88#; -1.385
-299.414 1.8235 1 .,617 !.31F -2.04
-249.492 1.5087 1.549 1.074 -2.54
-199.54G 1.1983 1.2362 1 .00 -3.33n

-149.67 .89"l .9238 .43 -3.379
-99.8404 .5885 .1;117 .;17 -3.706
-49.9459 .P869 .2991 .326 -3.92
49.8716 -.3147 -.3261 -.3a, -3 .63P
99.7298 -.6; 1;1 -.6384 -.594 -3.57#;-

*, 149.611 -.9193 -.95.JS -. 39 -3.36 ,q
199.532 -1.2255 -1.235 -1.313 -3.345
249.464 -1.5354 -1.5763 -1.0"9 -p.l1'.
299.29 -1.8493 -1.12,4 -1.04 -2.3,,4
349.289 -2.l1685 -r.,311 -.fl 6 -1.49"
399.068 -2.4927 -2.5134 -.55 -.... 7
44S.997 -2.8225 -2.929 -.,093 -.125
498.833 -3.1568 -3.1313 .494 .594
548.731 -3.4944P -3.45377 1.161 1.27
598.615 -3.,q3134 -3.7323 1.812 1.816 I
548.7S9 -3.49535 -3.45113 1.176 1.28#;
498.,831 -3.1581 -3.1383 .527 .634
449.311 -2.8241 -2.8262 -.056 -.374
399.075 -2.4945 -2.5134 -.502 -.755
349.143 -2.1703 -2.2307 -. 8037 -1.389
299.3219 -1.8512 -1.616 -.996 -1.997
249.439 -1.5373 -1.5761 -1.Z33 -2.4r5
199.491 -1.2273 -1.2633 -.958 -2.28
149.571S -.9213 -.9530S -.791 -3.131
99.7637 -.6175 - .63o -.563 -3.386
....479 -.315C -.3259 -.271 -3.264

TEST SUUr AlY
FULL SCALZ RATE (PEC/SEC): 6;'2
SCALE FACTOR (V/DJEr/SEC): -K.26373E-83

BIAS (VQLTZ) -1.37173l-.
FYSTZRZFIS, ;E! IATES (J.t: -2.L-3i'g2- 3I:YZTZ'MIZ1, Pr"S I-TIZ (V% ): 1..9"1i4r.-J3?," /_, //,,t,'"/ //

3.7.2-VI I- ,' . .- ' -
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NADC 80081-60

RAT: ZC:SO? T-ST PPOG8AU POST VIBRATION

rz~r,,7 s ... R# . s ,. . .:l . .. .. .

RAT2 V OUT V CALC % IS IDEAL
(DEO/SCC) (VnC) (VDC)

-49..399 .1!1353 .3024 .42 -5.4C9
-99.01l .5853 .A149 V76 -47^
-149.744 .8891 .927n .P75 -4.231
-199.544 1.1934 1.399 1.142 -3.72
-249.45 1.533 1.55.6 1.217 -3.171
-299.368 1.8168 1.8654 1.195 -2.594
-349.23 2.1363 2.1779 1.021 -1.9
-399.147 2.4611 2.4907 .726 -1.1M
-449. C3 2.7914 2.8333 .292 -.4, 2
-498.9 3.17.63 3.1158 -. 6 .330
-548.812 3.46414 3.42,58 -.;73 I.a34
-598.644 3.00222 3.740C4 -1.537 1.63C
-4,'.59 4.13696 4.053C2 -2.J41 2.346
-59-U.649 3.,0356 3.743F2 -1.539 1.671
-548.918 3.46625 3.42924 - .90!9 1 .370s
-498.593 3.128. 3.1157 -. 322 .4
-449.ZJ9 2.7943 2.8331 .^16 -. 313
-3!9.393 2.46;4^ 2.4903 .641 -1.,44
-349..'279 2.1395 2. 1730 .949 -1.76r,
-n99.279 1.92 1.8649 1.1 -2.389
-24!.543 1.50C 1.5532 1.159 -3.3n
-1n9.59 1.1962 1.2402 1.379 -3.515
-149.648 .V905 .9272 .902 -3.913
-99.0.M .5873 .6 15 k -4.431
-49.54S9 .2063 .30,^5 .396 -5.153
49.0914 -.3142 -.323n -.2p. -2.8;
9S.7315 -.0 149 -.6355 -.506 -3 .9-r
149.699 -.9ir -.9406 -.752 -3.2f3
199.5C7 -I.?235 -1.2611 -.923 -3.339
2."° .3 E; - 1.532: -1.5732 -. 991 -2..584
2F9.292 -I .33At -1.0S1 -.975 -2.110
349.22 -".15 2 -2.19,g9 -. 8^7 -1.539
399.0',15 -2.4'9 -2.5114 -.55 -..95
449. 31 -12.1 9 -2.243 -. 135 -.195
49r.(7 -3. 15,!3 -3.136;7 .3173 .5
542. 6S'r -3.4r972 -3.44r77 1.025 1.191
192.7,1 -3.82C4 -3.76231 1.573 1.7.lf

4F. 49r -3.9751 -4.27423 -2. 1-9 -2.134
59'2.67 -3.S2694 -3.7f,197 1.595 1.732
543.7S, -3.49372 -3.44944 1.313 1.?
49"., 4 -3.154 -3.1362 .43f; .56

-2.'25 - . 242 -.091 -.131
399.26;0 -f2.4914 -2.5113 -.408 -.794
349.207 -2.1 -o. 19"2 -.756 -1.437
^99.292 -1.8492 -1.806 -.935 -1.965
249.401 -1.5354 -1.5734 -.934 -2.433
19.50.3 -1 .2-58 -1.2637 -. 858 -2.795
149.733 -.92 - .94SO6 -. 703 -3.352
99.7 -95 -.K166 -.6354 -.46" -3 .009
49.S7 -.3153 -.3^3 -.191 -2.493

TZOT Stlr*r'AOY
VULL SCALZ RATZ (PZG/SFC): 65a

:7,ALZ -ACTOR (V/DEG/SEC): -l;.M6,39E-03
'AIAS ("OLTS) : -I.354E-

1'YrTE;?SIS, . r , RIATZS (VIC): -3.2,3 -3
IVYZTZ7-.ESI, P'US 1ATZS ("PDC): 2.',4.E-J3 '

TEST -l8I:,E •.... .. .... •

TABLE 3.7.2-VIII -7-A0
lAS
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PO ST VIBRATION NADC 80081-60

L'. .?j.0 F. 50%RH Z r.. ..

(H!T;",IT n.If;l 15 3KGL: IflTFI~V'AL2
n.') 1A.! rCCALF F"CT02

'~~7,c .2416 C .6171 C'51- 17
'Z .r 1 75 r:'

4'.3 3 IrI 7oW

1 5. 35 r 1.7C F -15t

2LJLI. o5FSF 23OU 1 2. .43.)-

rT

.491J !

TABLE I3.7.2-Ixj,- -,1

1 4 s

. .., -'45 1 r 71 l, 7 : .



,?,..T .... ,1'Z2 . ... IJ,.... : ('UT;[U T L PI FTrOST MBkATION NADC 80081-60
,p T l .... ..... ' BASELINE

TI. 720F 50%RH 1, 3 7 3

TPT ii,:IJ,'T I, SEC NT:I'VlLS.. .. ,.rd : L VOL T..; l.'E
(I* ':10 _ )' * A"C )(12C :I::- ,',

... ....,357c C. 57,-- :
.t.~ 1,;i 5 7.}.;5
"'* rF.c C'53 E-

7 1.22 '57 1 l /I .

1. 
p r . 13 1,-,, r-

I P 27 2 I 7

9!. ., 1 .02 54 r)-
9 9 .4, 5. . ,f-
. 4 17 It 9 ) 0, P ;'4 1 -3

299.441 1. 77 
Fl4 .f- "7

399 '". C
2.5313 C ,.35 77 1 F-

1 2.54.77 C.3

7i' 3 25 D 7
59.1. ' -, .2 5 .,V

O f 4 " ' ' '(: .", 3 1 7 - '

t - .2,3 7 . 5

TABLE 3.7.2-X
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aATE S. .,l'So'e P, " . OUTPIUT l"IIT
POST VIBRATION NADC 80081-60

"A T.--..'4-.-80 ... , t , ~ zk ..

OI'TPUT ;,,:IFT 1!; 15 SEC I ItT.rM A.5
I'T PEAf CCA ,

PC (VOI. h

5 ft. I ff.
)  

5 . 771- I-- -... . "13.P~.84 -1.58943 5. 875 r 4- "r. 7

5 2 7.45 ."775.

I 9 c,. .: I . I ,, .i i 5 . r , 3 -. 1 3

199 1,,,.1457 5 93 r'::r-,,3

19c31 11)55P 5 .. 1' 3

1 .19("11 5. 1 5 -,.

.. 1 5 1*."1 3 , 45 4 l3'
1 .4 1 7 ,, 1 " r. : "

,',9 . 5 9I I . tZlI 7 4 (. 0 7 4 7 1 '- . '3
1.9 . 1 1. ,19' 5 7, 3 5,,-

S, .45 1 , . ,

3!! Pm .. 4,,., F- IZ~ " C. I r4 9q,:-.

,5 , ., . ,, r "1 . 4 3 ' . , r 1 7 1

399 c' t3 4 '1 r 5 15 7.'1 74 7. - '3

3'; 9 7 7 .. 7 r
- -r-( . i3*-

4 3 .12.°,5 , 1

49, 3.13 C.273 75E- 1 3

; IL :IFFrFT ',2)C): -1 .3 ,4 3 1 -. ,

TABLE 3.7.2-XI
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NADC 80081-60

C., On r~I- co 0 0 0 e
enC'4 '4 C.1e4 04 D

z 0 .0 C 4 C

1 + I +

r- -n .0 C14NI 0 0 1- .

z C;K

z 0
H0 -v vt

HU R 0 0

H th U 0
Iji M u w Wz 0 00-4

Cz~~~ ~ 0 , C) ~ U

zz 04 zz U, u -tfn
1- V)

w 4 0 0

V) +1 go 0 ,
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NADC 80081-60

on co 0n 0 0
C"

0 * 00 0

C'4 0p M e'J-%D 1

C-40 0 0o 0 01

-0 14-40

-i~ ~~~ In~ 0 - t

E-4'-

1-4 1- H
cnA

H

H0 '0 r 0 0

S 0 0 0 0 0
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NADC 80081-60

4.0 CONCLUSIONS AND RECOMMENDATIONS

The data collected and evaluated produced the following information on

the 3 Superjet Angular Rate Sensors tested:

SUPERJET TEST DATA (Worst Case)

1. Full Scale Rate at +2% Linearity 500 +100 deg/sec
2. Scale Factor .0062 +.0002 V/deg/sec
3. Null Bias (calculated) +2 deg/sec
4. Hysteresis +0.6 deg/sec
5. Threshold <0.1 deg/sec
6. Resolution <0.1 deg/sec
7. Readytime 80 milliseconds maximum
8. Drift +0.76 deg/sec/min
9. Null Offset (measured) +2 deg/sec

10. G-Sensitivity 1.68 deg/sec/g maximum
11. High Temperature Tested +165 0 F
12. Low Temperature Tested -30°F
13. Sensitivity to Jerk Negligible
14. Acoustic Sensitivity Negligible
15. Vibration Sensitivity ±2 deg/sec at approx. 2,000 lz

The low temperature environment -30°F changes the scale factor by -10%.
The reduction of the scale factor by 10% shifts the least squares fit
straight line out of the +2% linearity limits of the baseline performance,
(See Figure 3.4.2-1).

The Superjet rate sensor/electronic package needs to be better tempera-
ture compensated for the requirements of the Maximum Performance Escape System.

It is difficult to determine the impact of a (worst case) 1.68 deg/second/g
G-sensitivity effects of the Superjet, without a clearer definition of the MPES
requirements. A conceivable 10 g environment would generate a 10 degree/second

error.

Considering the results of this test program, it appears that the Superjet
angular rate sensor is a viable candidate for the Maximum Performance Escape
System. Additional testing should be performed to verify the unexpected high
G-sensitivity.
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Li6T OF TERMS

ACOUSTIC SENSITIVITY:

Acoustic Sensitivity is the effect of acoustic vibration on an operating
sensor (output change vs. frequency) and the shift in performance para-
meters after a known acoustic environment.

BIAS:

Bias is the null or zero offset evaluated as the output at zero input as
calculated using the method of least squares to input-output data obtained
by varying the input cyclically over the input span. This excludes outputs
due to hysteresis and acceleration.

DRIFT:

Drift is the change in output at a given rate over a specified period of
time (degrees/second/minute).

G-SENSITIVITY:

G-Sensitivity is the effect of acceleration on the output of the sensor.
(degrees/second/g)

HYSTERESIS:

Hysteresis is the difference between output signals for increasing and
decreasing inputs at that input for which the difference is maximum, measured
after cycling through the input span (degrees/second).

JERK:

The constant rate of change of acceleration.

NON-LINEARITY:

Non-linearity is a term which describes the systematic deviations from the
least squares straight line for input-output relationships which nominally
can be represented by a linear equation. In this case non-linearity is +2%
full scale.

NULL OFFSET:

Null offset is the sensor output when the input rate is zero, generally
expressed as an equivalent input rate. It excludes outputs due to hysteresis
and acceleration (degrees/second).

READYTIME:

Readytime is the time required for the sensor to measure 95% of its steady-
state output, at all rates, without any electronic warmup.
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RELIABILITY:

Reliability is the probability that a sensor will meet specified performance
requirements under specified environmental conditions throughout a specified
operating or storage life.

RESOLUTION:

Resolution is the largest value of the minimum change in input, for inputs
greater than the threshold, which produces a change in output equal to some
specified percentage (at least fifty percent) of the change in output
expected using the nominal scale factor (degrees/second).

SCALE FACTOR:

Scale factor is the ratio of change in output to a change in the input
intended to be measured. Scale factor is generally evaluated as the slope
or the straight line that can be fitted by the method of least squares to
input-output data obtained by varying the input cyclically over the input
span (volts/degree/second).

THRESHOLD:

Threshold is the largest absolute value of the minimum input that produces
an output equal to some specified percentage (at least fifty percent)
of the output expected using the nominal scale factor (degree/second).

VIBRATION SENSITIVITY:

Vibration sensitivity is the effect of vibration on an operating sensor
(output change vs. frequency) and the shift in performance parameters
after a known vibration environment.
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APPENDIX A

Introduction

This test procedure outlines the details and order of events to evaluate
the performance of Hamilton-Standard's "SUPERJET" Rate Sensor for application
to a Navy Air Development Center (NADC) Program. This procedure is in
accordance with "Test Plan, for Performance Verification Tests, on the SUPER-
JET Angular Rate Sensor, Contract No. DAAK40-79-D-0017, November, 1979",
prepared by Jerome C. Salmons. The test plan has been approved by NADC as
of January 11, 1980.

A. Baseline Test

A.1 Parameters to be measured are:

Input Voltage (Volts)
Input Current (Amps)
Full Scale Range at 2% Linearity (Degrees/Seconds)
Hysteresis (VDC)
Threshold (Degrees/Seconds)
Resolution (Degrees/Seconds)
Output Drift (Degrees/Seconds/Minutes)
Ready Time (Seconds)
Null Offset (VDC)

A.2 Test Setup

The baseline tests are conducted at 770 F +10°F and less than 90% relative
humidity.

The equipment used for baseline performance was:

Genisco 1100-2 Rate Table & Controller
BWCO32580-001 Test Plate
BWC032580-002 Test Plate
8"X8"X8" Cube Test Fixture
Honeywell 1858 Visicorder
Hewlett Packard 9500A Test Set:

I - HP 2116C Computer
2 - 50 Volt Power Supplies
2 - 100 Volt Programmable Power Supplies
5 - 40 Volt Power Supplies
1 - Programmable Counter
1 - Oscilloscope
I - Volt - Ohmmeter
Modular Switch Panel

A test schematic is shown in Figure A.2-1.

A-I
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A.3 Test Procedure

1. Install test plate BWC032580-001 to top of Genisco 1100-2 Rate Table.
Insure that "connector" stamped on plate is near connector located on
rate table.

2. Install test plate BWC032580-002 onto 8"X8"X8" cube test fixture.

3. Install Superjet sensor on test plate BWC032580-002 and install cube on
table so that sensor is located on the rate table centerline. (Input
axis parallel to rate table axis.)

4. Connect wires on rate table to sensor.

5. Load "scale factor" program in 9500A computer test set and turn on rate
table controller.

6. Engage Switch 1 on computer switch panel, (See Figure A.3-1).

7. If hysteresis measurement at each rate increment is desired, engage
Switch 14.

8. To abort test Switch 15 should be engaged.

9. Run program.

10. Check voltage and current requirements on printout. The values shall
be:

Voltage +15.OV +0.5V
-15.OV +O.5V

Current - Positive 85.0 +5.0 ma
Negative 11.0 +1.0 ma

11. Check temperature reading (if high or low temperature extremes) and null
offset.

12. Disengage Switch 1 on computer switchboard.

13. Insert maximum rate desired and rate increment, (degrees/second, example:

500, 50), into computer.

14. Make test run.

15. Obtain data printout. Check test summary:

*Full Scale Rate

*Scale Factor*
Bias*
Hysteresis, Negative Rates
*Hysteresis, Positive Rates
*Null Offset**

A-2
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*Determined by least squares fit.
**Added after first run of baseline test.

16. Note temperature, relative humidity, date, and barometric pressure.

17. Check percent of full scale linearity error to be less than +2%.

18. Rerun program at new maximum rate until linearity error exceeds +2%.

19. For this program rate incrememts have been set at 50 degrees/second.

20. Repeat Steps I thru 19 for other Rate Sensor units.

21. Load "Output Drift/Ready Time/Threshold/Resolution" program in the 9500A
Computer Test Set and turn on Rate Table Controller.

22. Connect the Honeywell 1858 Visicorder to the patch panel on the Hewlett
Packard 9500A Test Set. The remote drive on the Visicorder is connected
to D21 and D22 on the patch panel. Set time lines to .1 seconds and
chart speed to 8 in/second. Using a channel on the Visicorder with a
sensitivity of 500 millivolts per division, connect the signal line to
L27 on the patch panel. The computer is programmed to run recorder for
250 milliseconds, turn on the sensor and measure output for 750 milli-
seconds, for readytime measurements.

23. Run program.

24. When bells ring, set sensitivity on recorder to 100 mv/division for 100
degree/sec. rate. This must be done within two minutes after sounding
bell.

25. When bells ring, set sensitivity to 200 mv/division for 200 degree/
second rate - two minute wait.

26. When bells ring. set sensitivitv to 500 mv/div. This will be setting
for 300, 400, and 500 degrees/second rates.

27. Data printout:

Output Drift
Null Offset

28. Repeat Steps 23 thru 27 for other units.

29. Engage switch I on computer switchboard and run program.

30. Set sensitivity of recorder to 5 MV full scale. It may be required to
use an external power generator to offset the null offset voltage of
any sensor.

A-3
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31. Set recorder drive to manual and set at .8 in./sec. chart speed with

time lines at 10 second intervals.

32. Operate the rate table controller manually from zero degree/second to
1.0 degree/second in 0.1 degree/second increments. Allow each increment
to run 1 second minimum. (Threshold test, ref.).

33. Operate the rate table controller manually from 5.0 to 6.0 degrees/second
in 0.1 degrees/second increment. Allow each increment to run 1 second
minimum. (Resolution test, ref.).

34. Repeat Steps 30 thru 33 for other units.

35. Stop program.
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APPENDIX A - PART B

B. ACCELERATION SENSITIVITY

B.1 Parameters to be measured:

Output vs. Acceleration (in units of gravity g)
Null Offsets

B.2 Test Setup

The acceleration test was conducted at 771F +10OF and less than 90%
relative humidity.

The equipment used for the acceleration test was:

Hewlett Packard 9500A Test Set
Genisco G1100-2 Rate Table and Controller
8"X8"C8" Test Cube
BWC032580-001 Test Plate
BWC032580-002 Test Plate
BWC032580-003 Arm
BWC032580-004 Angle (used for acceleration of Z axis)
BWC032580-005 Plate (used for acceleration of X and Y axis)

The test setup schematic is shown in Figure B.2-1, which is the baseline
test schematic. Axis orientation is shown in Figure B.2-1.

B.3 Test Procedure

The acceleration test was performed by the following steps:

1. Install test plate BWC032580-001 to top of Genisco 1100-2 rate table.
Insure that "connector" is stamped on plate near connector located
on rate table.

2. Install test plate BWC032580-002 into 8"X8"X8" cube test fixture.

3. Install Superjet sensor on test plate BWC032580-002 insuring that
sensor is located on the rate table centerline.

Mount cube test fixture as follows:

HOLE PATTERN USED ON
AXIS ACCELERATED BWC032580-001 TEST PLATE

X 1

Y 1

Z 3 (jet axis down)

Check to see that sensor centerline is on rate table centerline.
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4. Connect wires on rate table to sensor.

5. Load "scale factor" program in 9500A computer test set and turn on
rate table controller.

6. Disengage switch I on computer switchboard.

7. Engage switch 14.

8. To abort test switch 15 should be engaged.

9. Run program.

10. Input maximum rate of 500 degrees per second and 50 degrees per
second rate increment. i.e. 500, 50.

11. Test run.

12. Data printout.

13. Note temperature, relative humidity, date, and barometric pressure.

14. Repeat steps 3 through 13 for each axis and unit, (should be 6 runs
for 3 units since X and Y axis runs are identical).

15. Remove test plates and test cube from rate table.

16. Attach BWC032580-003 arms to rate table.

17. Attach units to either BWC032580-004 angle or BWC032580-005 plate
depending on which axis is accelerated (make sure that both sides
are identical for maintaining proper rate table balance).

18. Connect electrical pigtail to one of the units.

19. Run program.

20. Input maximum rate of 500 degrees/second.

21. Test run.

22. Data printout.

23. Note temperature, relative humidity, date and barometric pressure.

24. Repeat steps 17 through 23 for all configurations.

25. End of testing.
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APPENDIX A - PART C

C. TEMPERATURE SENSITIVITY

C.1 Parameters to be measured are:

Input Voltage
Input Current
Full Scale Range at +2% Linearity
Hysteresis
Threshold
Resolution
Output Drift
Readytime
Null Offset

C.2 Test Setup

The temperature sensitivity tests were conducted at -30°F +50 F and +165 0 F
+50 F. The equipment used for this test was:

Hewlett Packard 9500A Test Set
Genisco G11O0-2 Rate Table and Controller
8"X8"X8" Test Cube
BWC032580-001 Test Plate
BWC032580-002 Test Plate
Martin Marietta Temperature Controller
Fenwal UUT 45J1 Thermistor

Martin Marietta Environmental Chamber (Portable)
Honeywell 1858 Visicorder
Liquid Nitrogen Bottle
Iron-constantine Thermocouple Wire

C.3 Test Procedure

This procedure may be used for both hot and cold temperature testing.
The only difference is the external setup. Figure C.3-1 shows the test
schematic for the hightemperature testing. The cold temperature test
schematic is shown in Figure C.3-2. The test procedure for either hot or
cold environments is as follows:

1. Bring test unit to temperature and soak for 45 minutes.

2. Load "scale factor" program in 9500A computer test set and turn
on rate table controller.

3. Engage switch 1 on computer switchboard.

4. If hysteresis at each rate is desired, engage switch 14.

5. To abort test switch 15 should be engaged.
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6. Run program.

7. Check voltage and current requirements on print out. The values
shall be:

Voltage +15.OV +O.5V
-15.OV +0.5V

Current - Positive 85.0 +5.0 ,ma
Negative 11.0 +1.0 ma

8. Check temperature reading and null offset.

9. If satisfied with temperature and null offset disengage switch 1
on computer switchboard.

10. Insert maximum rate desired and rate increment (degrees/second).
Example: 500, 50.

11. Run test.

12. Check data printout and test summary:

*Full Scale Rate
*Scale Factor*

'Bias*
*Hysteresis, Negative Rates
*Hysteresis, Positive Rates
'Null Offset**

*Determined by least squares fit.
**Added after initial baseline test.

13. Note temperature, relative humidity, date, and barometric pressure.

14. Check percent of full scale linearity to be less than 2%.

15. Rerun program at new maximum rate until linearity error exceeds 2%.

16. For this program rate increments have been set at 50 degrees/second.

17. Load "output drift/readytime/threshold/resolution" program into the
9500A computer test set and turn on rate table controller.

18. Connect the Honeywell 1858 Visicorder to the patch panel on the
Hewlett Packard 9500A test set. The remote drive on the visicorder
is connected to D21 and D22 on the patch panel . Set time lines to
.01 seconds and chart speed to 8 inches/second. Using a channel on
the visicorder with a sensitivity of 500 millivolts per division,
connect the signal line to D29 and the return line to L27 on the
patch panel. The remote drive is programmed to run recorder for
250 milliseconds, turn on the sensor and measure output for 750
milliseconds.
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19. Run program.

20. When bells ring, set sensitivity on recorder to 100 mv/division
for 100 deg/sec. This must be done within two minutes after
sounding bell.

21. When bells ring, set sensitivity to 200 my/division for 200
degrees/second - two minute wait.

22. When bells ring, set sensitivity to 500 mv/division. This will be
setting for 300, 400, and 500 degrees/second rates.

23. Data Printout:
Output Drift

Null Offset

24. Engage Switch 1 on computer switchboard and run program.

25. Set sensitivity of recorder to 5mv full scale. It may be required

to use an external power generator to offset the null offset
voltage of any sensor.

26. Set recorder drive to manual and set at .8 inches/second, chart
speed with time lines at 10 second intervals.

27. Operate the rate table controller manually from zero degree/second
to 1.0 degree/second in 0.1 degree/second increments. Allow each
increment to run 1 second minimum.

28. Operate the rate table controller manually from 5.0 to 6.0 degrees/
second in 0.1 degrees/second increment. Allow each increment to
run 1 second minimum.

29. Stop program.

30. Repeat Steps 1 thru 29 for other units.

31. For 1650 F, connect heater wires and monitor thermistor until
resistance is 6750 OHMS +200 OHMS. Soak unit for 45 mintues.

For -300 F, connect liquid nitrogen hose to top of chamber and
monitor flow and dry nitrogen pressure until thermocouple wire
is -30°F +50 F. Soak for 45 minutes.
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D. JERK SENSITIVITY

D.1 Parameters to be measured:

Output at Various Jerk Rates
Null Offset

D.2 Test Setup

The Jerk tests are to be conducted at 770 F +10°F and less than 90%
relative humidity. The following equipment is to be used:

Hewlett Packard 9500A Test Set
Genisco GL100-2 Rate Table and Controller
BWC 032580-003 Arm
BWC 032580-004 Angle
BWC 032580-005 Plate
BWC 032580-001 Test Plate

BWC 032580-002 Test Plate
8"X8"X8" Test Cube

A test schematic is shown in Figure D.2-1.

D.3 Test Procedure

The jerk test was performed by the following steps:

1. Install test plate BWC 032580-001 to top of Gensico 1100-2 rate table.
Insure that "connector" stamped on plate in near connector located on
rate table.

2. Install test plate BWC 032580-003 into 8"X8"X8" cube test fixture.

3. Install Superjet sensor on test plate BWC 032580-002 insuring that sensor 4

is located on the rate table centerline.

Mount cube test fixture as follows:

HOLE PATTERN USED ON
AXIS ACCELERATED BWC 032580-002 TEST PLATE

X 1

Y 1

Z 3 (Jet Axis Down)

Check to see that sensor centerline is on rate table centerline.

4. Connect wires on rate table to sensor.

5. Load "Jerk test" program in 9500A computer test set and turn on rate

table controller.
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6. Disengage Switch 1 on computer switchboard.

7. Engage Switch 14.

8. To abort test switch 15 should be engaged.

9. Run program.

10. Insert measurement rate of 250 or 500 degrees per second and direction
of rotation.

11. Run test.

12. Check data printout.

13. Note temperature, relative humidity, date and barometric pressure.

14. Repeat steps 3 through 13 for each axis and unit, (should be 6 runs for

3 units since X and Y axis runs are identical).

15. Remove test plates and test cube from rate table.

16. Attach BWC 032580-003 arms to rate table.

17. Attach units to either BWC 032580-004 angle or BWC 032580-005 plate depending
on which axis is accelerated (make sure that both sides are identical for
maintaining proper rate table balance).

18. Connect electrical pigtails to one of the units.

19. Run program.

20. Input measurement rate of 250 or 500 degrees/second.

21. Run test.

22. Check data printout.

23. Note temperature, relative humidity, date and barometric pressure.

24. Repeat steps 17 through 23 for all configurations.
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E. ACOUSTIC SENSITIVITY

E.1 Parameters to be measured:

Overall Decibel Level

Null Output

E.2 Test Setup

The acoustic test was conducted at 720 F and less than 90% relative
humidity. The equipment used was:

Martin Marietta Acoustic Chamber
Hewlett Packard Model 5451B Acoustic Analyzer
Honeywell 1858 Visicorder

Martin Marietta Control Box
Digitec 262C Multimeter
Philbrick Researches PR-300 Power Supply

A test schematic is shown in Figure E.2-1.

A test schematic describing the monitoring of each unit is shown in
Figure E.2-2.

E.3 Test Procedure

The acoustic test was performed by the following steps:

1. Install unit on beam support and position in acoustic chamber throat area.

2. Position three microphones surrounding the test article as described in
MIL-STD-810C method 515.2 paragraph 3.5.2.1.

3. Connect test unit to control box.

4. Connect+15V.D.C. and -15 V.D.C. to control box.

5. Connect white wire on test unit to (+) signal on digital multimeter
(must be floating DMM, Ref 6V) and on visicorder.

6. Connect grey wire on test unit to common on DMM, and on visicorder.

7. Connect real time noise analyzer to recorder and set at 170 db full

scale.

8. Turn on DMM and set sensitivity to read millivolts.

9. Turn on recorder set at 0.8 inches/second chart speed and 10 second
time lines.
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10. Turn on test unit by turning power switch to "warmup" on control
box.

11. Apply acoustic environment of eight 10 second +8 second pulses
and achieve the maximum overall db level, but do not exceed 165 db.

12. End test.

13. Repeat steps 1 through 12 for other units.
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APPENDIX A - PART F .

F. VIBRATION

F.1 Parameters to be measured:

Most Severe Resonances (3)
Null Output

F.2 Test Setup

The vibration test was conducted at 70°F and less than 90% relative
humidity. The test was performed in the environmental test laboratory
at Martin Marietta. The equipment used was:

C-60 Vibration Test Set
10 - 3000 Hz capability
Endevco Dynamometer Model 2702B
Accelerometer 2222B S/N FX15

(.3% sensitivity)
Honeywell 1858 Visicorder
Martin Marietta Control Box
Digitec 262C Multimeter
Philbrick Researches PR-300 Power Supply

The test setup is illustrated schematically by Figure F.2-1, and Figure E.2-2.

F.3 Test Procedure

Each test run was based on the following step-by-step procedure:

1. Install unit on test fixture mounted on test cube located on the C-60
Vibration Test Set.

2. Annotate orientation.

3. Connect control accelerometer to monitor vibration input (3.0 or 5.2g rms).

4. Mount accelerometer 2222B on Superjet sensor in a manner to monitor the
output of the axis under vibration.

5. Connect control accelerometer to visicorder. Set sensitivity to 10 g/in.

6. Connect output accelerometer to visicorder to 10 g/in.

7. Connect unit to control box.

8. Connect +15.OVDC and -15.OVDC and common to control box.

9. Connect white wire on test unit to the (+) on digital multimeter (must be
floating DMM, Ref. 6V).
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10. Connect grey wire on test unit to common on DHM.

11. Connect white and grey wires to visicorder. Set sensitivity to 20 mv/in.

12. Connect frequency counter on C-60 test set to visicorder. Set sensitivity
to 5 v/in.

13. Set chart speed to 0.1 in/sec and timelines to 10 second intervals.

14. Start visicorder.

15. Turn on unit at control box (power switch to "warmup").

16. Apply resonance search at 3g rms from 10 to 3000 Hz over a period of 3.5
minutes.

17. Stop visicorder.

18. Select the three most severe resonances and annotate.

19. Start visicorder.

20. Dwell unit for 10 minutes at each selected resonance.

21. Stop visicorder.

22. Turn off unit.

23. Repeat test for each orientation and other units.

24. Repeat baseline test per Part A.
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FOREWORD

This document is prepared to fulfill the requirements of

paragraphs 3.2.1.5 and 3.2.1.6 of Statement of Work 60134-12

dated 7 August 1979 which describes the effort authorized

under Operations Directive No. 3-0017-00-375-15. This 0. D.,

issued 19 October 1979, implements contract number DAAK40-79-

D-0017 with the Naval Air Development Center Aircraft and Crew

Systems Technology Directorate, Warminster, Pa. 18974. Under

the terms of the referenced contract Martin Marietta is to

evaluate the Hamilton-Standard SUPERJET angular rate sensor for

possible application in the Maximum Performance Escape System

(MPES) Program being conducted by the Naval Air Development Center

(NADC). A major portion of the evaluation effort will involve

performance tests under various environmental conditions. This

document describes the test program to be conducted and gives

a time schedule for the accomplishnent of major milestones.
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SUMMARY

This test plan document describes the scope of effort

to be expended in evaluating the performance of Hamilton-

Standard's SUPERJET roll rate sensor (RRS) for application

to a Navy Air Development Center (NADC) Program. The tests

to be conducted are described, the number of test units to

be employed is given and the test levels for each test are speci-

fied. Test schedules and data formats for each test are pres-

ented. Measurements to be made are listed and test apparatus

to be used is specified.
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1. INTRODUCTION .4

1.1 Purpose

The SUPERJET is an angular rate sensor produced by the Hamilton

Staniard Division of United Technologies, Inc. One version of this

device containing associated electronics for shaping and correcting

the output and providing switching and null bias functions is being

developed for use on the Copperhead projectile as a roll rate sensor.

In a previous study conducted by Martin Marietta Corp., Orlando,

Florida, the potential application of the SUPERJET to air crew ejection

systems was recognized. The final report of this study effort (OR 15646)

recommended further evaluation of the SUPERJET to better define its

potential for such application. The purpose of this test plan is to

describe the test activities involved in the evaluation effort and to

establish a time schedule for performing the test effort.

1.2 Test Objectives

The major objectives of this test program are to demonstrate

feasibility of less than 2 deg/s bias error with O.ls ready time

and linearity of 1 percent over the rate range of + 500 deg/s at

any temperature between -650 F and + 1650 F.

Secondary objectives will be to determine the effects on sensor

output of high and low temperature, linear acceleration, rate of

change of acceleration, vibration and acoustic environments.

Where it can be determined that tests equivalent to those specified

herein have been conducted on other programs,the data from such

tests may be presented in lieu of duplicating those tests.

B-6 ,



NADC 80081-60

2. APPLICABLE DOCUMENTS

2.1 Authorizing Documents

1. Contract DAAK40-79-D-0017

2. Statement of Work, NADC No. 60134-12

3. Operations Directive, Martin Marietta No. 3-0017-00-375-15

2.2 References

1. Martin Marietta Reports

Fluidic Gyro Development, August, 1979 0R15,646

2. Military Standards

Environmental Test Methods MIL-STD-810C
Change 4

3. Specifications, Martin Marietta

Roll Rate Sensor SPC 10200000-004

/
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3. TEST APPROACH

3.1 Test Facilities

The test program described herein is to be conducted by various

laboratories of Martin Marietta Corp., Orlando, Florida. Room temp-

erature performance tests will be conducted on a rate table in the Fluidics Lab

or Precision Inertial Laboratory. The Dynamics Lab and the Environmental

Test Lab will provide equipment for generating vibration and acoustic

environments and shall provide all necessary measurement and recording

equipment for these tests. Temperature chambers mounted on a rate table will

be used for creating the high and low temperature environments during rate tests. At

this time it is proposed to use thermostatically controlled electric

heaters for creating the high temperature environment. The low

temperature environment will be created by flowing gaseous nitrogen

from a liquid N2 supply through an insulated chamber on the rate table.

3.2 Test Equipment

Test equipment necessary for conducting this test program is given

in Table 1.

3.3 Test Articles

The roll rate sensors to be tested are identified as Hamilton

Standard P/N 9304100099. Serial number 0100196 and 0100142 are present-

ly available from a previous test program. Additional units of the same

part number will be obtained by transfer or consignment from the Copperhead

program, or purchased from Hamilton Standard should it prove impractical

to use Copperhead units.
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TABLE 1

Test Equipment

Model No/
Part No. Description/Manufacturer Accuracy (%)

Power Supply +Sv +1.00

Power Supply +11.5v +1.00

Power Supply +15.Ov +1.00

Power Supply -15.Ov +1.00

HP3440 or Digital voltmeter-Hewlett Packard 0.25
HP3465B High Impedence 0-100 mv range

RRS Test Set ----

Acoustic chamber-Martin Marietta ----

Model MB Shaker

Model G-1100 Rate table-Genisco
Rate table controller-
test set-Hewlett Packard

Temperature control chamber
Martin

Model 1054 Precision Centrifuge-
Martin-Genisco

Similar equipment having adequate performance char-

acteristics for the usage intended may be substituted. Test

data sheets shall note the actual equipment used.
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3.4 Test Descriptions

3.4.1 Base Line Performance Tests

These tests shall be performed at room ambient conditions of 770F

+ 100F and less than 90% relative humidity. The unit under test (UUT)

shall be at a stable temperature prior to test. Unless otherwise implied

or specified, the following tests will be made while the sensor is motionless with

its base in contact with a horizontal support surface;

1. Input voltage and current requirements will be measured at the power

supplies.

2. Output drift - the sensor output change with time shall be determined

ibr constant rate inputs.

3. Output scale factor - (volts/deg/sec)

4. Full scale range for 2% linearity

5. Threshold

6. Resolution

7. Hysteresis

3.4.2 Ready Time

A test for "ready time" shall be made by recording the output

characteristic of the sensor as the unit is activated. The recording

shall be measured to determine the steady state output level. "Ready

time" is the time required for the unit to respond to the activation

signal and develop and output equal to 95 % of the steady state level.
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3.4.3 Acceleration Sensitivity Tests

3.4.3.1 Constant Acceleration

The unit will be oriented on a centrifuge and subjected to con-

stant accelerations in each direction along each of the three mutually

perpendicular axes (reference Figure 1). Various levels of acceleration

shall be applied up to a maximum of 30g. The sensitivity of the sensor

output to the applied acceleration shall be determined.

3.4.3.2 Constant Jerk

The centrifuge will be programmed to produce linearly varying accel-

erations by linearly changing the rate of rotation. The rate of change

of acceleration shall be varied in increments from zero to 109/sec.

The sensitivity of the sensor output to the applied rate of change of

*acceleration (jerk) shall be determined. The acceleration vectors shall

be oriented in each direction along the three test axes shown in Figure 1.

3.4.4 Vibration Tests

The sensitivity of the unit to vibration environments will be

evaluated by tests conducted in accordance with MIL -STD-810C procedures.

Vibration will be applied along the three axes defined in Figure 1.

A resonance search will be performed at a maximum level of 3g

from 10 to 5000 Hz in each axis. The three most severe resonances in

each axis will be selected. The unit will then be vibrated at each of

the three selected frequencies in each axis for 10 minutes. The test

level shall be 5.2g.

Null output shall be monitored during vibration.

IJ
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Figure 1 RRS Mounting Dim~ensions and Orientation
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3.4.5 Acoustic Sensitivity

The sensitivity of the RRS to high level acoustic environment

will be evaluated by tests conducted in general conformity to

NIL-STD-810C. The RRS will be suspended in an acoustic chamber

on elastic cords having a natural frequency less than 25 Hz.

Procedure 1 of MIL-STD-810C will be used as a guide. A category B

test will be conducted (150 db for 30 minutes) to evaluate the

effects of longer term acoustic environment on the RRS output.

Measurements of the RRS output will be made at intervals no greater

than 5 minutes during this test. A category D test will be conducted

for limited time periods. A minimum sound pressure level of 165 db

will be applied in "pulses" of approximately 1 second duration. The

sound pressure level will be brought up to the maximum level in the

minimum time period consistent with laboratory operating procedures

and equipment capabilities. Following the sound "pulse" the pressure

level will be allowed to decay in accordance with inherent equipment

characteristics. This short duration acoustic pulse will be applied

to the energized RRS a mitrimum of 8 times. The output will be con-

tinously recorded. Acoustic effects on the RRS output will be

determined by comparing the recorded null output during and following

the acoustic pulse to the output recorded just prior to application

of the acoustic environment. In addition, results of post-environment

performance tests will be compared to pre-environment performance

baseline tests.
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3.4.6 Temperature Sensitivity Tests

The baseline performance tests will be conducted at -65F * 5*F

and at +165*F + 5F. The temperature chamber shall be stabilized at

the test temperature preceeding the testing. Data from these tests

shall be compared to room temperature test data to determine temperature

sensitivity.
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4. TEST IMPLEMENTATION

4.1 Test Procedures

The major tests necessary in the conduct of this test program

are as follows:

1. Baseline performance tests.

2. High temperature test.

3. Low temperature test.

4. Acceleration test.

5. Rate of acceleration (jerk) test.

6. Vibration test.

7. Acoustic sensitivity test.

A detailed test procedure shall be written giving the steps to

follow in conducting the above tests. The procedure will define the

order of testing, when the RRS is to be operated, how and when the

environmental exposure is to be tpplied, the parameters to be measured

and recorded, and the frequency or time of measurement. Baseline

Performance will be established prior to and following environmental

exposures.

4.2 Failure Documentation

In case of equipment failure appropriate entries as to schedule

impact and corrective action shall be made in the test logs by the

test program engtneer.

In case of failure of the Unit Under Test , a full description

of the test conditions and nature of the failure will be given in the

test report. Failure analysis, failure testing and failure reports are

beyond the scope of this program.
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4.3 Data Requirements

4.3.1. Photographic Documentation

Photographs will be employed as necessary to supplement drawings, sketches,

and descriptive material in the test report, such that test set-ups may

be reconstructed or duplicated. Orientation of the test specimen during

environmental exposures is of particular interest and must be fully

documented.

4.3.2. Data Sheets

Data sheets similar to the example shown in Appendix A will be

prepared for use with each test procedure and shall contain as a min-

imum the following entries in addition to sections for recording observ-

ed performance data.

Name of Test

Place of Test

Part number & serial number of test article

Pertinent test equipment model/serial numbers

Date

Test conditions @ Start Finish

Time of day

Temperature

Baro. press

Humidity

Test Engineer(s) attesting signature
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4.3.3 Oscillograph Records

Oscillograph records shall be annotated to indicate trace

identification, scale factors, and time of events and shall be

identified with the entries listed in paragraph 4.3.2.

4.4 Schedule and Milestones

A schedule for conducting the tests described herein is shown in

Figure 2. It is planned that all testing shall be completed by

1 April 1980. Test data reduction, analysis, evaluation and present-

atfon and preparation of descriptive test results will be completed by

1 May 1980. Test results will be made available to NADC on or before

15 May 1980. The formal test report will be a part of the program

final report.

0i
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5. DEFINITIONS

Scale Factor - slope of best fitting straight line to test data.

Linearity - the deviation of the output data from the best straight

line fit to the data and through the zero rate point.

Null Bias - output of rate sensor at zero rate input. Also termed

"offset".

Hysteresis - the difference in output at any rate when approached

in opposite directions.
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APPENDIX A

TYPICAL DATA SHEET

Test:____________
Run No.:_______

Start Finish
Date: _ _ _ _ _ _ _ _ _ _ _ _ __ Time:_ _ _ _ _ _ _ _ _ _

La boratory.- ______________ Temnp: ____

Test_____Machine:____ Baro. Press:______ _____

Relative Humidity: ___ ___ _____

Name: ___________ __ Input: Voltage _____

Part No.: __________ ____Current _____

Model No.: __ _ _ _ _ _ _ _ _ _ _Power _ _ _ _ _

Serial No.: __ _ _ _ _ _ _ _ _ _ _

NOTES:

DATA DATA ANALYSIS RESULTS
Input Output

This test conducted in accordance with Scale Factor ______________

paragraph _ of TPL ______and Null Bias _____________

paragraph _ of TPR _____except Hysteresis ______________

as noted. Threshold _____________

Resolution ______________

Test Engineer:
Signature320 -_________ _ I
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APPENDIX C

LEAST SQUARES FIT ALGORITHM

Scale factor, bias and linearity:

Z -B+ Ax
B - (Q - (A- S)/H9
A - ((H9 P) - (S Q))/((H9 . T) - (S . S))
H9 = (4. (Rl/R2))/2

Where:

A - Slope of Least Squares Fit Straight Line (volts/degrees/second)
B - Bias (Y - Intercept of Least Squares Fit Line (volts))
H9 - Number of Data Points
P - Sum of Inputs Times Outputs (volts/degrees/second)
Q - Sum of the Outputs (volts)
RI - Maximum Rate (degrees/second)
R2  Rate Increment (degrees/second)
S - Sum of the Inputs (degrees/second) 2
T = Sum of the Inputs Squared (degrees/second)
X - Input (degrees/second)
Z - Least Squares Fit Straight Line (volts)

Hysteresis: Maximum

M - Y1 - Y2

Where:

M - Hysteresis (volts)
Y1 - Output Recorded ApproachingMaxmimum Rate
Y2 - Output Recorded Approaching Zero Rate

OUTPUT DRIFT ALGORITHM

D - SFH - SFL 60 100
X - X

Where: SF H = Highest scale factor at rate

SFL - Lowest scale factor at rate

SFNOM = Nominal baseline scale factor

t = Time in seconds between high and low
scale factors

C-1
V

:, ,, , . ~ **. ' -,. .. . . , _ . . , . , i 
' -


